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NASA TT F-694 

NEW METHODS OF STUDYING NOISE AND VIBRATION AND 
CYBERNETIC DIAGNOSIS OF MACHINES AND MECHANISMS 

ABSTRACT. Brief summaries are presented of research work 
performed i n  t h e  a r e a  o f  t h e  s tudy of n o i s e  and v i b r a t i o n  
and cyberne t ic  diagnosis  of machines and mechanisms. The 
r e p o r t s  were o r i g i n a l l y  presented  a t  an All-Union Symposium 
he ld  June 29, 1970 through J u l y  1, 1970. 

- . . _ _  .OPTIMAL DETERMINATION OF. -CHANGES I N~-PROPERTIES OF RANDOM PHENOMENA 

L. A. Tel’ksnys (Vil’nyus) 

The problem i s  s t u d i e d  of determining t h e  most probable moments i n  time /?* 
f o r  a change i n  t h e  s t a t i s t i c a l  p r o p e r t i e s  of  random phenomena on t h e  b a s i s  of 

s i n g l e  o r  repeated r e a l i z a t i o n s ,  f ixed  i n  observat ion i n t e r v a l s  of f i n i t e  

length.  

This problem arises i n  many areas ,  i n  p a r t i c u l a r  i n  t h e  i n v e s t i g a t i o n  of 

no ise  and v i b r a t i o n ,  as well  as i n  t h e  diagnosis  of machines and mechanisms. 

Statement of problem. 

Let 
. P J ( r ) ,  t~ bo,u)

X ( t )= L‘2) (t )  f E (u ,  u2), 

be a random phenomenon with mathematical expec ta t ion  

m (1 )  = 
m ( l ) ( t ) ,I E(Uo, u){ t n ( ” ( t ) ,  E (u ,  u2), 

and with c o r r e l a t i o n  funct ion 
k (4, T)= { k1 (%, T); 8,T E ( U o .  U) 

k8(8’,7); 8, T E ( U ,  up). 

X(l) ( t ) ,  X(2) ( t )  a r e  normal. Eioment i n  t i m e  u,  when random phenomenon 

X ( t ) , t E  (u,u,) changes i t s  s t a t i s t i c a l  p r o p e r t i e s  i s  unknown o r  random. The 

a p r i o r i  d i s t r i b u t i o n  a (u)  a t  i n s t a n t  u e i t h e r  i s  known, o r  it is  assumed t h a t  

it is  constant  over t h e  i n t e r v a l  i n  quest ion,  i . e . ,  a(u) = const .  

- . .- . ...- ... .. ...-- .. . ..-.~~ ~~-~ . .- . . . .- ... .. - - . . - . -. ~~ ~ 

*Numbers i n  t h e  margin i n d i c a t e  paginat ion i n  t h e  fore ign  t e x t .  
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I t  i s  requi red ,  us ing  one o r  more r e a l i z a t i o n s  x ( t ) , E  (u0 ,u  2) of random 

phenomenon X(t)  , Q ( u0' u 2),  t o  f i n d  t h e  most probable  e s t ima te  u* of parameter / A  
u. That i s ,  we must determine the  most probable  moment i n  time u* when random 

phenomenon X(l) ( t )  w i l l  be  converted t o  random phenomenon X ( 2 )  (t). 
The problem is  solved by determining t h e  maximum of t h e  a p o s t e r i o r i  

d i s t r i b u t i o n  dens i ty  func t ion  of t h e  des i r ed  parameter u. I t  i s  found on t h e  

b a s i s  of t h e  maximum o r  minimum of  t h e  func t ion ,  r e l a t e d  i n  some manner t o  the  

a p o s t e r i o r i  d i s t r i b u t i o n  dens i ty  func t ion  11,4].  

Ca lcu la t ions  f o r  determinat ion of u* can be performed i n  p r a c t i c e  by 

computer . 
Examples of s o l u t i o n  of  t h e  problem by computer a r e  presented .  
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c4 THE -PROBLEM OF OPTIMAL SYNTHESIS OF DYNAMIC MODELS BY THE METHOD OF LP SEARCH 
. .  - . . . .- - . . . . .  . - . - . - . ..- .j 

M. D.  Genkin, V .  K .  Grinkevich, I .  M . ,  Sobol ' ,  R .  B .  Statnikov (Moscow) 

The p r e s e n t  work s t u d i e s  a new u n i v e r s a l  method f o r  search f o r  optimal 

parameters based on t h e  use of  Haar func t ions  (2,4). 

This method can be c a l l e d  LP search ,  s i n c e  i n  p lace  of  t h e  random p o i n t s  

i n  a multidimensional cube, we use t h e  p o i n t  i n  an LP 
T 

sequence ( 2 ) .  These 

p o i n t s  a r e  not  random and are d i s t r i b u t e d  much more evenly than random p o i n t s .  

However, c a l c u l a t i o n  of t h e s e  p o i n t s  by computer i s  q u i t e  simple. 

For f u r t h e r  improvement of  t h e  parameters of  t h e  models, w e  used ord inary  

l o c a l  methods (1) .  Inc identa l ly ,  i n  many problems, no improvement was requi red ,  

s i n c e  a s u f f i c i e n t l y  good model was achieved i n  t h e  f i rs t  s t a g e .  

We note  two more s i t u a t i o n s ,  i n  which t h e  use of random, and p a r t i c u l a r l y  

LP search ,  i s  q u i t e  expedient:  

a) If i t  i s  necessary to  analyze t h e  p o s s i b i l i t y  of opt imizat ion of a model 

on t h e  b a s i s  of s e v e r a l  d i f f e r e n t  c r i t e r i a  o r  t o  s tudy t h e  inf luence  of  many 

parameters,  t h i s  can be performed using t h e  same tes t  p o i n t s ;  

b) If condi t iona l  condi t ions  s e p a r a t e  a nonconvex s e t  i n  t h e  space of  models, 

convergence of l o c a l  methods may occur only i n  a c e r t a i n  a r e a  around t h e  op

timum; t h i s  a r e a  can be reached by random o r  LP search.  

We s h a l l  represent  t h e  i n e r t i a l  and r i g i d i t y  parameters,  as well as t h e  

damping c o e f f i c i e n t s ,  by c x l , . . . , c x r .  Permissible  v a r i a t i o n s  wi th in  t h e  l i m i t s  

of  t h e  def ined kinematic p lan  i n d i c a t e  t h a t  

Then t h e  dynamic model RE (with f i x e d  kinematic  s t r u c t u r e  E) i s  determined by 

t h e  poin t  ( a l , .  ..a ) i n  an r-dimensional p a r a l l e l e p i p e d  ( 1 ) .  
. - r .  - _ _  - . . ~-

lThis  formula f o r  RE corresponds t o  t h e  fol lowing d e f i n i t i o n :  models r e t e r  t o  

two systems of o b j e c t s  A and B y  between which a homomorphic mapping of  system A 
i n  a c e r t a i n  system A '  and a homomorphic mapping o f  B i n  a c e r t a i n  system B '  
can b e  e s t a b l i s h e d  such t h a t  A '  and B' a r e  isomorphic. I t  i s  assumed t h a t  t h e  
r e l a t i o n s h i p  o f  isomorphism (homomorphism, i sofunct iona l i sm)  obta ins  between t h e  
model and pro to type  ( I ) .  
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'In cons t ruc t ive  r e a l i z a t i o n  of t h e  model, t h e  fol lowing problem arises : 

from t h e  se t  of a l l  RE, s e l e c t  an optimal model which maximizes a c e r t a i n  cr i 
t e r i a l  func t iona l ,  dependent on t h e  s o l u t i o n  o f  t h e  system, descr ib ing  dynamic 

model R E .  I n  t h e  f i n a l  a n a l y s i s ,  each such f u n c t i o n a l  depends on t h e  para

meters a1,. ..,CY Therefore ,  w e  write it i n  t h e  form o f  @
Y r' 
(a) where t h e  

v e c t o r  CY = ( C X ~ , . . . , C Y ~ ) ,while  y can be c a l l e d  t h e  q u a l i t y  index. 

Assuming t h a t  i n  a c e r t a i n  c losed  area r belonging t o  p a r a l l e l e p i p e d  (1) 

+ 
CYThen parameter - w i l l  b e  r e f e r r e d  t o  as t h e  optimal parameter under condi t ion 

+r ,  while t h e  corresponding model RE(" ) i s  r e f e r r e d  t o  as t h e  optimal model 

under condi t ion r .  For b r e v i t y ,  t h e  va lues  o f  4, ( a )  where &r w i l l  be  w r i t t e n
Y -.-

i n  t h e  form 4, ( a  ( T I .
Y -

Using t h e  p lan  presented i n  [2]  (p. 219) , t h e  p o i n t s  Q, = (9, ,l , .  ..qtYN)J , 
were ca lcu la ted ,  forming t h e  LP sequence i n  t h e  N-dimensional cube. For each /6 
poin t  HQ,, a tes t  p o i n t  -a (2)  = (a1(2)  ,.--,aN( I ) )  was determined i n  t h e  p a r a l l e l e 

piped [ l ]  : 

Then t h e  system of equat ions descr ib ing  t h e  dynamic o b j e c t  being s t u d i e d  with 

parameter Ol(') was solved,  and t h e  q u a n t i t i e s  of  i n t e r e s t  were c a l c u l a t e d ,  

By looking through t h e  sequence of  p o i n t s  (2  = 0,  1, 2 ,  ...,k - l ) ,  t h e  p 

"best" p o i n t s  were s e l e c t e d ,  from which "improvementll of t h e  parameters was 

performed by r e g u l a r  methods. However, t h e  value of t h e  f u n c t i o n a l s  s t u d i e d  

was improved only s l i g h t l y  by r e g u l a r  methods i n  comparison with t h e  b e s t  of 

t h e  p p o i n t s .  

Thus, these  s t u d i e s  confirmed t h e  e f f e c t i v e n e s s  of global  LP search i n  

comparison with random search ( t h e  number of s t a t i s t i c a l  tests i s  s i g n i f i c a n t l y  

reduced and t h e  p r o b a b i l i t y  o f  f i n d i n g  t h e  global  extreme f o r  f u n c t i o n a l s  with 

mul t ip le  extremes i s  increased) ,  and i n  many cases  improvements are made i n  

comparison with any r e g u l a r  search methods. 
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- -  - -  ESTIMATION OF DOMINANT P A F T E F S  OF DYNAMIC SYSTEMS ___ _ _  . 

I. I .  Bal t runas (Vil 'nyus) 

Statement of Problem. The term "dominant parameters of  a dynamic system" 

refers t o :  t h e  t r a n s f e r  c o e f f i c i e n t ,  t i m e  constant  and pure  delay.  

The problem c o n s i s t s  of cons t ruc t ing  a s e l f - t u n i n g  model, i t s  i n v e s t i g a 

t i o n  and es t imat ion  o f  t h e  dominant parameters of  t h e  dynamic system. 

Symbols. x ( t )  is t h e  input  s i g n a l  ( i t  i s  assumed t h a t  x ( t )  i s  a random 

process ,  s t a b l e  i n  t h e  broad sense) ;  z ( t )  = y ( t )  + n ( t )  i s  t h e  observed s i g n a l  

a t  t h e  output  of  t h e  o b j e c t ;  y ( t )  i s  noise  (assumed t o  b e  a s t a b l e  Gaussian 

process  s i m i l a r  t o  "white noise") .  

P ( t )  = A ( t ) + ( x ( t ) , g ( t ) )  i s  t h e  output s i g n a l  of  t h e  model, A(t)  and B(t)  /z 
are i n  t h e  general  case t h e  v e c t o r s  of t h e  tuned parameters of  t h e  model a t  ,. n 

moment i n  time t; A(t)  i s  r e l a t e d  t o  y ) t )  l i n e a r l y  and t o  i ( t ) --nonlinearly;  
,. ,. 

$ ( x ( t )  B( t ) )  i s  a known v e c t o r  funct ion of i t s  argument x, B.  

yA(t) , y g ( t )  are def ined  func t ions  of  time ( i n  p a r t i c u l a r ,  cons tan ts ) ;  

y i s  t h e  i n t e r v a l  of g l i d i n g  summation, T i s  t h e  length  of  r e a l i z a t i o n s  of  pro

cesses  x ( t ) ,  z ( t )  . 
The s e l f - t u n i n g  algori thm i s  achieved us ing  t h e  fol lowing equat ions:  

The q u a l i t y  c r i t e r i o n  Q, of t h e  adapt ive process  c o n s i s t s  of t h e  fo l 

lowing f u n c t i o n a l s  : 

Q,(Ar, gr, t )=[z ( t )-A ( t )  'p (x ( t ) ,  i( t ) ) r, 
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One c h a r a c t e r i s t i c  f e a t u r e  of problems of  t h i s  c l a s s  i s  t h a t  t h e  vec to r  

of parameters o f  ( f o r  example, t h e  time cons tan t  of t h e  i n e r t i a l  l ength ,  

delay) i s  included non l inea r ly  i n  the  equat ion of t h e  c i r c u i t .  

The adapt ive system is s tud ied  by the  method of s t a t i s t i c a l  modeling 
by d i g i t a l  computer, i . e . ,  a d i s c r e t e  analog of t h e  continuous system i s  

s tudied .  Inves t iga t ions  a r e  performed f o r :  

1. Determinabi l i ty  o f  t h e  dominating parameters of t h e  dynamic system as  a 
func t ion  of  t he  s t a t i s t i c a l  c h a r a c t e r i s t i c s  of the  input  s i g n a l  x ( t ) .  

2 .  The accuracy of t h e  es t imat ion  of  t hese  parameters as  a func t ion  of t h e  / E  
type of adapta t ion  algori thm and t h e  i n t e n s i t y  of no i se  n ( t ) .  For t h i s  pur
pose,  t h e  fol lowing algori thms are compared: t h e  grad ien t  algorithm, algorithm 

with g l id ing  summation, s t o c h a s t i c  approximation algori thm and the  l e a s t  

squares  a lgori thm. 

3 .  Cer ta in  recommendations a r e  presented on u t i l i z a t i o n  of  t hese  algori thms.  
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ADAPTIVE MODEL FOR EVA&UATION OF WEIGHT FUNCTION AND LEVEL OF NOISE OF LINEAR 
DYNAMIC SYS-TKM 

A. A. Nyamura and K .  I .  Rashchyus (Kaunas) 

A study i s  presented  o f  t h e  process  of  adapta t ion  i n  an adapt ive model, 

designed f o r  es t imat ion  of  t h e  weight func t ion  and no i se  l e v e l  o f  a l i n e a r  

dynamic system. Since t h e  weight func t ion  of  t h e  ob jec t  i s  no t  access ib l e  t o  

d i r e c t  observat ion,  c a l c u l a t i o n  of t he  weight c o e f f i c i e n t s  of  t he  model i s  

performed on t h e  b a s i s  of r e s u l t s  Of observa t ionof  pe r tu rba t ion  of x ( t )  and the  
output  coordinates  of  t h e  ob jec t  z ( t )  by gradien t  methods and s t o c h a s t i c  

approximation. Formulas a r e  presented f o r  determinat ion of t h e  speed of t he  

adapta t ion  process ,  i . e . ,  t h e  process  of automatic adjustment of weight co

e f f i c i e n t s  of t h e  model i n  t h e  case of  a quas i - s t ab le  ob jec t  and when no i se  

n ( t )  a t  i t s  output i s  white no i se .  I t  i s  demonstrated t h a t  t h e  adapta t ion  

time i s  l e s s  when the  adapt ive  system opera tes  us ing  the  g rad ien t  a lgori thm. 

The dura t ion  of adapta t ion  of a d i s c r e t e  adapt ive system opera t ing  us ing  t h e  

algorithm of s t eepes t  descent  i s  s tud ied .  

An experimental s tudy i s  presented  of a d i s c r e t e  adapt ive system by t h e  

method of s t a t i s t i c a l  modeling us ing  t h e  UMI d i g i t a l  con t ro l  machine. Inves

t i g a t i o n  was performed with r e a l i z a t i o n  of t h r e e  c h a r a c t e r i s t i c  types  of  input  per 
tu rba t ion  of  x with th ree  l e v e l s  of no ise  n The dependence OS t he  r a t e  of

i i '  
tuning of the  weight c o e f f i c i e n t s  on the  form of c o r r e l a t i o n  func t ion  of t he  

input  s igna l  and on the  noise  l e v e l  a t  the  o u t m t  of the  objec t  i s  demonstrat

ed. 

8 




STUDY OF STOCHASTIC APPROXIMATION ALGORITHM BY THE "MONTE CARLO" 
MEMOD, USED TO ESTIMATE THE WEIGHT FUNCTION 

N .  A. Arbachyauskene (Kaunas) 

The es t imat ion  of t h e  weight func t ion  of  a l i n e a r  dynamic system by t h e  19 
method o f  s t o c h a s t i c  approxiniation i s  analyzed f o r  t h e  case when the  number 

of  r e s u l t s  of  observat ions i s  f i n i t e .  Estimates of t h e  v e c t o r  of  weight co

e f f i c i e n t s  B are c a l c u l a t e d  using t h e  formula: 

&+, (I+ 1)=&+1 (i)+y(i) [ z ( i+  1) -FT,, (i) Bl+l(i)] F/+, (i), (1) 

n T. 
where BZ,l i s  an estimate o f  t h e  vec tor  weight c o e f f i c i e n t  B (bo,bl, .  ..,bZ] , 
f f ( i )  i s  t h e  input  signal; FZ+l( i )  = ( f ( i ) , f ( i  - 1) ...f ( i  - Z))T is  t h e  v e c t o r  

o f  t h e  input  s i g n a l ;  z z ( i )  i s  t h e  output  s i g n a l  observed with noise ,  i . e . ,  

z ( i )  = x ( i )  + n ( i ) ;  n ( i )  i s  t h e  noise  a t  t h e  output  of t h e  o b j e c t ;  y ( i )  i s  

a series of p o s i t i v e  numbers, s a t i s f y i n g  t h e  condi t ion c y ( i )  -+ a; 
m m 

Yz(i)  < 03* 
i = O  i =O 

i i s  the  i t e r a t i o n  number, Z i s  t h e  number of components of vec tor  B and F .  

A s u f f i c i e n t l y  p r e c i s e  es t imate  of v e c t o r  6z+1 by t h e  method of  s tochas

t i c  approximation, p a r t i c u l a r l y  with a high noise  l e v e l ,  can be produced only 

a f t e r  a tremendous number o f  i t e r a t i o n s  (10 -10 ) .  The determinat ion of  t h i s4 5 


g r e a t  number o f  p o i n t s  of r e a l i z a t i o n s  of input  and output  s i g n a l s  r e q u i r e s  a 

g r e a t  deal  of t ime. Therefore ,  t h e  p o s s i b i l i t y  i s  s t u d i e d  of  using a repeated 

l i s t i n g  algorithm, t h e  t h e o r e t i c a l  b a s i s  of  which was provided by B.  M .  

Litvakov . 
The accuracy o f  r e s t o r a t i o n  of a parameter i n  a l imi ted  number of i t e r a 

t i o n s  depends on t h e  s t a t i s t i c a l  c h a r a c t e r i s t i c s  o f  t h e  input  s i g n a l  f ( i ) ,  

no ise  l e v e l  n ( i )  and t h e  s e l e c t i o n  of  a tuning s t e p  length  y ( i ) .  Only para

meter y ( i )  can b e  changed f r e e l y .  

Inves t iga t ion  by t h e  Monte Carlo method allowed c e r t a i n  s p e c i f i c s  of  t h e  

algorithm with repeated l i s t i n g  t o  be e s t a b l i s h e d .  The inf luence  of t h e  

/Efollowing f a c t o r s  on t h e  accuracy of es t imat ion  was determined: a) Input  s i g n a l  

c o r r e l a t i o n  func t ion;  b) no ise  a t  t h e  output  o f  t h e  o b j e c t ;  c)  number of  re

9 
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results of observations. Practical recommendations are given for selection of 


the tuning step length T(i) as a function of these factors. 
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ESTIMATION OF PARAMETERS OF NONLINEAR HAMMERSTEIN OPERATOR 
.- .. . 

G. A. Rubikas (Kaunas) 

A nonl inear ,  u n i v a r i a t e ,  i n e r t i a l  o b j e c t  of known s t r u c t u r e  i s  i d e n t i f i e d  

by a Hammerstein model of t he  following form: 
m a 

l,= Y k  +uk = v j C i ( P ( X k - j ) + %  k=l, 2, .. - (1) 
J-0  1-0 

here  Ik i s  t h e  measured output  of ob jec t  yk toge the r  with add i t ive  no i se  5 
ac t ing  on t h e  output ;  {+ i (x ) )  i s  a system o f  l i n e a r l y  independent func t ions  

of input  s igna l  x, v 
j '  

* 

- 
j = O,m, i = O,n a r e  unknown c o e f f i c i e n t s ,  es t imat ing  the  corresponding 

parameters of t h e  o b j e c t s .  

Various mathematical methods allow us t o  c r e a t e  var ious algorithms f o r  

determinat ion of v 
j '  

c 
i '  

In o rde r  t o  improve t h e  i t e r a t i o n  procedure,  we r e 

p l ace  t h e  pa i red  products w.c by a s i n g l e  c o e f f i c i e n t  h j i .  Ca lcu la t ion  can
J i  

be performed using the  following two algori thms:  1) an algorithm produced by 

the  l e a s t  squares  method ( the  MNK algorithm) and 2) an algorithm produced by 

t h e  s t o c h a s t i c  approximation method ( the  SA algorithm) . 
The MNK a lgori thm: 

hv+l=r,-:IL+l 
A 

here  hv+l i s  the  vec to r  h i n  t h e  (v + 1 ) - t h  i t e r a t i o n ,  

-1 
r w + l  i s  a matr ix  consider ing the  input  s i g n a l  x i n  the  (v + 1 ) - t h  i t e r a 

t i o n  
I 

rylr;:l =(1 + t ) r;l- (v + r;l 'pv+l)-lv'r;r Q ~ + ~  

where 

@v = 'pv (Pi. 

when 
cp:'[cp"(xv-o). . . ., 9. (Xv-0). cPoj+)r .- - * 

cpa(Xv-l), ..., 90(xv-m)9 - * * * cP,(x.-31 ; 
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here  Zu+l i s  t h e  output  of  t h e  objec t  measured toge ther  with n o i s e  uU + l '  

L0 = 2 l' 0 - l  = aI, where I i s  a u n i t  matr ix;
0 3 ' 0  

a i s  a c e r t a i n  number, 1 2 u 2 1000. 

The SA algori thm-

here  h U + l ,  q = 0, m, E ,  = O,n i s  t h e  En-th c o e f f i c i e n t  i n  t h e  (v + 1) t h e  i t e r a t i o n
5n 

{ + i ;  (x) 1 is  a system of l i n e a r l y  independent func t ions  of  t h e  input  s i g n a l  

=> 
u i s  t h e  j t e r a t i o n  number, 0 < a < 1 ( a  = 0.55). 

The algorithms suggested allow t h e  c o e f f i c i e n t s  of expression (1) t o  be 

determined with a s i g n i f i c a n t  l e v e l  of  no ise  a t  t h e  output .  I t  should be noted 

t h a t  t h e  i t e r a t i o n  speed and q u a l i t y  of  t h e  MNK a lgori thm i s  b e t t e r  than of  t h e  

S A  algorithm. 
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ESTIMATION OF PARAMETERS AND CHARACTERISTICS OF NONLINEAR DYNAMIC SYSTEMS ___ .- . .  

A. K.  Nenorta (Kaunas) 

Cer ta in  methods are s t u d i e d  f o r  determining t h e  c h a r a c t e r i s t i c s  and para

meters o f  nonl inear  dynamic systems on t h e  b a s i s  of observat ions of t h e i r  i n 

put  q u a n t i t i e s  x ( t )  and output  q u a n t i t i e s  y ( t ) .  

A nonl inear  dynamic system can be descr ibed approximately by a segment of /z
t h e  func t iona l  v o l t e r r a  series 

0 

P 0)=wo(t) + J Wl(U x ( t-Xl)dh, + 
0 

m m  

+ J J wg(LAJ x ( t  -A,) x ( t  -h8)~ h ,A, 
0 0  

where w0( t )  is  a func t ion ,  dependent on t h e  i n i t i a l  s t a t e  o f  t h e  system; 

w ( A1 1) i s  a weight func t ion ,  def in ing  t h e  l i n e a r  p o r t i o n  of t h e  output  

q u a n t i t y ;  

w2(A1,A2) i s  a weight func t ion ,  def in ing  t h e  second order  component of 

t h e  	output  q u a n t i t y ;  

y ( t )  i s  t h e  output value of a model of t h e  dynamic system. 

I n  order  t o  estimate t h e  nonl inear  dynamic system opera tor  being s t u d i e d ,  

we assume w 0 ( t )  = 0. Estimates w i l l  be  sought i n  t h e  following form: 

where + j(A1) ,$(A2) i s  a system of  known continuous func t ions ,  s a t i s f y i n g  t h e  

condi t ion $ . ( A1 1) = +P ( A  2), i f  j = p and A 1 = A2,  t h e  method of s e l e c t i o n  of 

which i s  discussed i n  t h i s  r e p o r t ;  

a
j p  

( j  = 1 , 2 ,  ...,k ;  p = 0 , l  ,. .. , k )  a r e  unknown c o e f f i c i e n t s ,  es t imates  of 

which must be found. I t  i s  assumed t h a t  t h e  weight funct ions wl(A1) and 

w2(A1,A2) can be p r e c i s e l y  approximated by func t ions  ;(Al) and w 2 (A  2) res

pec t ive ly .  Considering (2)  and (3), expression (1) can be w r i t t e n  as  fol lows:  

13 
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where we represent  

If i n  t h e  process  of  product ion o f  da ta ,  a l l  va lues  o f  t h e  input  and output  /E 
q u a n t i t i e s  x ( t )  and y ( t )  are p r e c i s e l y  def ined,  c a l c u l a t i o n  of  estimates of 
c o e f f i c i e n t s  a r e q u i r e s  as many values  o f  q u a n t i t i e s  x ( t )  and y ( t )  as are 

j p
requi red  t o  determine es t imates  of  c o e f f i c i e n t s  aj p '  

But i n  p r a c t i c e  w e  can 

measure p r e c i s e l y  only input  q u a n t i t y  x ( t ) .  The measurement e r r o r  n ( t )  i n  

output q u a n t i t y  y ( t )  w i l l  be considered a d d i t i v e  n o i s e ,  normally d i s t r i b u t e d .  
A 

Then es t imate  a can be sought by so lv ing  t h e  redundant system of equations
j p  

by t h e  method o f  l e a s t  squares  o r  t h e  method of s t o c h a s t i c  approximation, 

where z ( i )  = y ( i )  * n ( i )  i s  t h e  r e s u l t  o f  observat ion of va lue  y ( t )  i n  t h e  

presence o f  n o i s e  n ( t )  a t  d i s c r e t e  moments i n  time t s = l , Z , .  .. 
S' 


The accuracy o f  t h e  es t imates  produced was determined by experimental  

s t u d i e s  o f  these  methods using t h e  BESM d i g i t a l  computer by t h e  method o f  

s t a t i s t i c a l  t e s t i n g .  
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I\I 
IDENTIFICATION .-AS -A. -TASK OF _ _  ~ - . . .  SEQUENTIAL STATISTICAL ANALYSIS-

! A. A.  Nyamura (Kaunas) 

For t h e  problem of i d e n t i f i c a t i o n ,  it i s  necessary first of a l l  t o  

d i f f e r e n t i a t e  c l a s ses  with t h e  following c h a r a c t e r i s t i c s  : nonl inear  or l i n e a r ,  

s t a b l e  o r  uns tab le ,  i n e r t i a l  o r  n o n i n e r t i a l .  Af t e r  a s u f f i c i e n t l y  narrow c l a s s  
of an opera tor  has been def ined,  t h e  opera tor  i t s e l f  becomes known with an 

accuracy t o  a c e r t a i n  vec to r  parameter c, i . e . ,  we have the  following func

t i o n a l  dependence: 

P ( r ) = A r y ( t ) ] = ~ . [ 1 1 ( S ) ,O < . s < r ;  c(s ) ,  p < s < t ;  ?I, 

where A [ * ]  is t h e  mathematical opera tor  of t h e  system, unknown i n  advance, 

r equ i r ing  determinat ion;  u(t) and y ( t )  a r e  t h e  input  and output  genera l ized  

vec to r  coordinates  of t h e  system, which may be d e t e r m i n i s t i c  o r  random funct ions  

of s c a l a r  argument T.  The las t  t i n  t h e  formula i n d i c a t e s  t h a t  t h e  func t iona l  

/14dependence @ [ ' I  may change as time passes .  Variable  u ( t >  and y ( t )  a r e  observed -
under the  inf luence  of random no i se .  I t  then  remains t o  estimate t h e  unknown 

vec to r  parameter c .  

C r i t e r i a  of op t ima l i ty  of  p lans  of observat ion and some problems of 

recogni t ion  of t h e  c l a s s  of opera tor  A a r e  s tud ied ,  and a complete ana lys i s  

of methods of es t imat ion  of vec to r  parameter c is  performed. 
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DIFFERENTIATION OF RANDOM FORCED OSCILLATIONS AND SELF-OSCILLATIONS PERTURBED 
BY RANDOM ACTIONS 

A.  A. Gorbunov and M. F .  Dimentberg (Moscow) 

The problem c o n s i s t s  i n  determining whether a measured narrow band random 

process  at  the  output  o f  an o s c i l l a t i n g  system c o n s i s t s  of  forced o s c i l l a 

t i o n s  of  t h e  system under the  inf luence  of e x t e r n a l  wide band random per turba

t i o n s  o r  whether t h e  system i s  i n  t h e  s t a t e  of s e l f - o s c i l l a t i o n s ,  modeled by 

random no i se  as a r e s u l t  o f  random pe r tu rba t ions  a t  t h e  input  o f  t h e  system. 

The s o l u t i o n  t o  t h i s  problem i n  many cases can i n d i c a t e  what source  of  

e x c i t a t i o n  i s  making t h e  b a s i c  con t r ibu t ion  t o  t h e  v i b r a t i o n  of t h e  mechanical 

system. 

Two recogni t ion  c r i t e r i a  a r e  suggested f o r  an o b j e c t  which can be repre

sented by a second o rde r  equiva len t  q u a s i - l i n e a r  system, based on ana lys i s  of 

t h e  p r o b a b i l i t y  d e n s i t i e s  of t h e  envelope of  t h e  output  process  o r  t h e  process  

i t s e l f .  The first c r i t e r i o n  fol lows from s o l u t i o n  of t h e  Fokker-Planck 

equat ion,  corresponding t o  an abbreviated equat ion f o r  t he  amplitude.  The 

second c r i t e r i o n  i s  produced on t h e  b a s i s  of t he  known i n t e g r a l  dependence 

between t h e  p r o b a b i l i t y  d e n s i t i e s  of  a narrow band random process  and i t s  

envelope. The accuracy of t h e  second c r i t e r i o n  has been t e s t e d  by analog 

computer modeling and was found t o  be good even i n  t h e  case of r a t h e r  sho r t  

i n t e r v a l s  of  observat ion of  t h e  output  process .  
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DETERMINATION OF PARTIAL DAMPING COEFFICIENTS OE LINEAR SYSTEMS FROM MEAN 
PERIODS OF ENVELOPES OF RANDOM OSCILLATIONS 

M. F. Dimentberg and A. R. Abul'khanov (Moscow) 

A formula i s  der ived  f o r  c a l c u l a t i o n  of p a r t i a l  damping c o e f f i c i e n t s  of /g 
l i n e a r  systems on t h e  b a s i s  of va lues  of  t h e  resonant frequency and mean number 

of i n t e r s e c t i o n s  of  t h e  envelope of a narrow band random o s c i l l a t i o n  with i t s  
mathematical expec ta t ion .  The formula i s  concluded i n  t h e  cons idera t ion  o f  t h e  

inf luence  of  t h e  f i l t e r - a n a l y z e r  used t o  separa te  t h e  o s c i l l a t i o n s  i n  t h e  

degree o f  freedom being s tud ied .  Resul t s  a r e  presented from experimental  

checks of  t h e  accuracy of  t h e  method using e l e c t r i c a l  models. 
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INTEGRAL EQUATIONS AS A METHOD OF DETERMINING THE SPECTRUM OF NORMAL MODES 
OF BACKGROUND VIBRATIONS 

P .  F.  Ovchinnikov (Odessa) 

Methods a r e  s t u d i e d  f o r  determining the  spectrum of n a t u r a l  o s c i l l a t i o n s  

of systems, t h e  o s c i l l a t i o n s  of which a r e  descr ibed  by l i n e a r ,  loaded i n t e g r a l  

equat ions with an e s s e n t i a l l y  p o s i t i v e  kerne l  and a non-monotonic d i s t r i b u t i o n  

func t ion .  In  c o n t r a s t  t o  a spectrum with a monotonic d i s t r i b u t i o n  func t ion ,  

t he  n a t u r a l  spectrum of these  equat ions fa l l s  on both s i d e s  of  t he  number a x i s  
I t  is demonstrated t h a t  n e i t h e r  methods of composicion of  frequency equat ions 

and t h e i r  conversion t o  s e c u l a r  form, nor methods of  expansion of  the  s e c u l a r  

equat ion t o  a polynomial can be extended t o  equat ions with non-monotonic d i s 

t r i b u t i o n  func t ions .  

The p o s s i b i l i t y  of us ing  t h e  method of success ive  approximation l o r  c a l 

cu la t ion  o f  t he  n a t u r a l  number with the  lowest abso lu t e  value i s  demonstrated. 

Extension o f  t h e  method of  wakes allows any n a t u r a l  number t o  be def ined 

as t o  absolu te  value.  Af t e r  demonstrating t h a t  t h e  problem of determinat ion 

of  n a t u r a l  numbers can be reduced t o  a c e r t a i n  v a r i a t i o n a l  problem, the  pos

s i b i l i t y  of using the  method of  R i t z  i s  e s t a b l i s h e d .  
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APPLICATION OF CORRELATION ANALYSIS FOR DIAGNOSIS OF THE CONDITION OF MECHA
i' N ISMS 

I .  V .  Alekseyev and E .  P .  Pyshkina (Moscow) 

Knowledge of such o s c i l l a t i n g  c h a r a c t e r i s t i c s  of  p a r t s  of  mechanisms as  /E 
t h e  damping f a c t o r ,  n a t u r a l  frequency and s p e c t r a l  no ise  power d e n s i t y  i s  
of  i n t e r e s t  f o r  purposes of  a c o u s t i c a l  d iagnos is .  

In  order  t o  determine these  c h a r a c t e r i s t i c s  and es t imate  t h e  inf luence  of  

design parameters o f  p a r t s  on t h e  process  of n o i s e  formation, t h e  Department 

of  Engines of t h e  Moscow Highway I n s t i t u t e  has produced a motorless modeling 

i n s t a l l a t i o n ,  a block diagram of  which i s  shown on Figure 1. This i n s t a l l a 

t i o n ,  using a c o r r e l a t o r  produced i n  Department E - 9  of t h e  Bauman Moscow 

Higher Technical School, has been used to determine the c h a r a c t e r i s t i c s  of 

ind iv idua l  p a r t s  mentioned above. 

7 
The p a r t s  t e s t e d  were modelsr 

of cy l inder  heads of  i n t e r n a l  

combustion engines.  Four vers ions  

of  heads were s t u d i e d ,  d i f f e r i n g  

from each o t h e r  i n  thickness  of  

end wal l  and cons t ruc t ion  mate

r i a l .  The cy l inder  heads have t h e  

Figure 1. following r a d i a t i n g  wall th ick

nesses:  3 k 0.05 nun; 4.5 k 0.05 

mm; 5 .25  k 0.05 mm; and 6 k 0.05 mm, and were made of  type 45 and 18Kh s teels .  

The s e l e c t i o n  of  a design f o r  a t h i n  wall head was based on t h e  following 

considerat ions : 

a) The end wal l  o f  t h e  head i s  made so t h a t  i t s  r i g i d i t y  i s  much less than 

t h e  r i g i d i t y  o f  t h e  remaining elements o f  t h e  design of t h e  i n s t a l l a t i o n ,  

allowing t h e  assumption t h a t  t h e  primary share  of  a c o u s t i c a l  energy r a d i a t e d  by 
t h e  cover is determined by o s c i l l a t i o n s  of i t s  t h i n  w a l l  por t ion;  

/E 


b) The design of t h e  head allows a n a l y t i c  c a l c u l a t i o n  of t h e  n a t u r a l  fre

quency of i t s  r a d i a t i n g  sur face ,  making it p o s s i b l e  t o  eva lua te  t h e  r e l i a b i l i t y  

o f  t h e  experimental  da ta .  
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Experimental determinat ion o f  t h e  damping f a c t o r  and n a t u r a l  frequency 

o f  heads was performed on t h e  b a s i s  of t h e  parameters o f  t h e  c o r r e l a t i o n  func

t i o n  of  t h e  random process ,  measured using a v i b r a t i o n  sensor  i n s t a l l e d  on 

one s i d e  of t h e  r a d i a t i n g  s u r f a c e  of  t h e  head. The v i b r a t o r  was i n s t a l l e d  

symmetrically t o  t h e  v i b r a t i o n  sensor  on t h e  o t h e r  s i d e  o f  t h e  head, allowing 

t h e  form o f  e x c i t a t i o n  during t h e  experiment t o  approximate t h e  form o f  ac tua l  

e x c i t i n g  forces  a c t i n g  on t h e  r a d i a t i n g  element and thus  avoiding undesirable  

asymmetrical o s c i l l a t i o n s  and t h e i r  corresponding n a t u r a l  f requencies .  

Voltage from a n o i s e  genera tor  was s e n t  t o  t h e  v i b r a t o r .  The vol tage  

from t h e  v i b r a t i o n  sensor  was s e n t  t o  a c o r r e l a t o r ,  which was used t o  d e t e r 

mine t h e  parameters o f  t h e  c o r r e l a t i o n  func t ion .  The o s c i l l a t i n g  charac

t e r i s t i c s  o f  t h e  head a r e  unambiguously r e l a t e d  t o  t h e  parameters of t h e  

c o r r e l a t i o n  func t ion .  The a n a l y s i s  of  t h e o r e t i c a l  and experimental  d a t a  f o r  

determination of  t h e s e  c h a r a c t e r i s t i c s  showed good correspondence. The r e 

s u l t s  produced demonstrate t h a t  t h e  use of  a c o r r e l a t i o n  ana lyzer  s i g n i f i c a n t l y  

f a c i l i t a t e s  t h e  measurements performed. 

The use of  c o r r e l a t i o n  a n a l y s i s  hard ly  excludes t h e  use o f  c l a s s i c a l  

methods of  a c o u s t i c a l  measurements. The expediency of  t h e  use of  any given 

method i s  determined by t h e  p r a c t i c a l  s i t u a t i o n :  a v a i l a b i l i t y  o f  apparatus ,  

i t s  complexity, c o s t ,  n a t u r e  o f  t h e  process  being s t u d i e d ,  e t c .  
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d 
METHOD AND DEVICE FOR QUASI-PARALLEL ANALYSIS OF SHORT-TERM ACOUSTICAL SIGNALS 

I .  V. Alekseyev and V .  N .  Lukanin (Moscow) 

We have developed a measurement channel f o r  s p e c t r a l  ana lys i s  o f  noise  

and v i b r a t i o n s  o f  engines during opera t ion  (Figure 1 ) .  I t  c o n s i s t s  of a s e t  

of 24 one- th i rd  octave f i l t e r s ,  t h e  i n p u t s  o f  which rece ive  t h e  s i g n a l  t o  be 

analyzed from t h e  v i b r a t i o n  sensor  i n s t a l l e d  on t h e  engine and f i rs t  sub

j e c t e d  t o  ampl i f ica t ion .  A switching device,  c o n t r o l l e d  by pulses  marking t h e  /= 
top  dead center  p o i n t ,  connects t h e  outputs  of  each of  t h e  f i l t e r s  i n  t u r n  t o  

t h e  recording device,  an 8-beam cathode ray osc i l loscope  with a photographic 

attachment. The switching device used i s  a s tepping  switch,  t h e  contac ts  of  

which a r e  c losed i n  p a i r s .  This connection o f  contac ts  allows t h e  s i g n a l  from 

each f i l t e r  t o  be fed  t o  t h e  osc i l loscope  during two f u l l  crank s h a f t  r o t a 

t i o n s ,  which corresponds t o  t h e  length of  t h e  opera t ing  cycle  i n  a f o u r  s t r o k e  

engine. Thus, t h e  s i g n a l  being s tudied  i s  recorded a f t e r  having been passed 

through t h e  one- th i rd  octave f i l t e r s .  

The c o i l  o f  t h e  s tepping  switch i s  connected t o  t h e  anode c i r c u i t  of a 

thyra t ron ,  which i s  opened by a pulse .  Recordings of  no ise ,  v i b r a t i o n s ,  as 

well  as t h e  processes  def in ing  t h e  operat ion o f  t h e  engine,  t h e  i n d i c a t o r  d i a 

gram and t r a v e l  of  t h e  sprayer  needle ,  performed using t h i s  channel, demon

s t r a t e  t h e  p o s s i b i l i t y  of  i t s  u t i l i z a t i o n  f o r  d iagnos t ic  purposes.  The pulses  

o f  v i b r a t i o n  and noise  r e s u l t i n g  from t h e  impact i n t e r a c t i o n s  i n  t h e  s t r u c t u r e s  

of t h e  engine a r e  separa ted  and can be analyzed t o  f i n d  r e l a t i o n s h i p s  with 

parameters charac te r iz ing  t h e  technica l  condi t ion of the  engine.  
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USE OF A CORRELATOR BASED ON ORTHOGONAL FILTERS I N  ACOUSTICAL MACHINE DIAGNOSIS 

Yu. I .  Bobrovnitskiy, M .  D .  Genkin and K .  D .  Morozov (Moscow) 

I t  i s  suggested t h a t  t h e  i n t e r n a l  parameters o f  machines (diagnosis  para

meters) be measured us ing  an orthogonal f i l t e r  c o r r e l a t o r .  I t  i s  demonstrated 

t h a t  t h e  parameters of t h e  f i l t e r  a t  t h e  input  o f  one o f  t h e  channels can be 

s e l e c t e d  s o  t h a t  a s i g n a l  i s  produced a t  t h e  output  of t h e  c o r r e l a t o r  which 

i s  propor t iona l  t o  t h e  measured machine diagnosis  parameter.  The cons t ruc t ion  

of  such a f i l t e r  r e q u i r e s  t h a t  c e r t a i n  c o r r e l a t i o n  measurements b e  performed 

i n  advance with s e v e r a l  known values  o f  t h e  d iagnos is  parameter,  i . e . ,  t h a t  a 

" learning process i s  needed. 

A model d i a g n o s t i c  experiment i s  performed. The model o f  t h e  d iagnos t ic  

s i g n a l  was a mixture o f  two random, s t r o n g l y  c o r r e l a t e d  s i g n a l s ,  t h e  amplitude 

of  one o f  which was propor t iona l  t o  t h e  measured d iagnos is  parameter ,  After 

learn ing ,  t h e  c o r r e l a t o r  measured t h i s  parameter with an e r r o r  never exceeding 

10%. 
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DETERMINATION OF EQUIVALENT RANDOM PERTURBATION DURING MODELING OF COMPLEX 
DYNAMIC SYSTEMS 

1 

L.  A. Manashkin and N. G .  Baranov (Dnepropetrovsk) 

Optimization of  t h e  parameters of damping devices  r equ i r e s  t h a t  a model of  /19
t he  equipment be per turbed  so t h a t  t he  damping devices opera te  under near  

normal condi t ions.  This i s  done by feeding a vol tage  from a noise  genera tor  

with a r a t h e r  broad spectrum t o  a syn thes i ze r .  The s i g n a l  formed by the  syn

t h e s i z e r  i s  fed  t o  an e l e c t r i c a l  model. The output  q u a n t i t i e s  of  t he  model a r e  

formed so  t h a t  they can be compared with the  r e s u l t s  of experimental  s t u d i e s  

from a (s tandard)  a c t u a l  device under acu ta l  condi t ions .  The r e s u l t s  of  

i n v e s t i g a t i o n  of o s c i l l a t i o n s  of  t he  l i n k  of i n t e r e s t  i n  the  ac tua l  device 

a r e  represented a s  t h e  s p e c t r a l  c h a r a c t e r i s t i c s  o f  these  o s c i l l a t i o n s .  The 

e l e c t r i c a l  vo l tage  produced i n  the  model and corresponding t o  the  o s c i l l a t i o n s  

of t he  u n i t  being s t u d i e d  i s  sen t  t o  an analyzer .  The r e s u l t s  of  ana lys i s  

a r e  compared with the  f i x e d  spectrum produced p re l imina r i ly  during experimental  

s t u d i e s  of t he  o s c i l l a t i o n s  of  t h e  ac tua l  equipment. By c o n t r o l l i n g  the  syn

t h e s i z e r ,  approximate correspondence of t he  s p e c t r a  produced experimental ly  

and by modelling can be achieved. The corresponding pe r tu rba t ion  w i l l  be 

equivalent  t o  a c t u a l  pe r tu rba t ion  from t h e  s tandpoin t  of t h e  opera t ing  condi

t i o n s  of  t h e  u n i t  being s tud ied .  

A block diagram o f  the  system as a whole, a block diagram of  the  synthe

s i z e r  and of t he  analyzer  a re  developed. 
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IDENTIFICATION OF MODEL OF HUMAN OPERATOR WITH RANDOM VIBRATION ACTIONS. . . . .  __ . . . . . . . . . . . . . . . . .  - . . . . . . .  - .... - . . 

L. V. Goykhaman, B .  A. Potemkin and K .  V .  Frolov (Moscow) 

A dynamic human opera tor  system inf luenced by wide band random (white 

no ise)  p e r t u r b a t i o n  i n  t h e  frequency range up t o  200 Hz i s  s t u d i e d .  

The problem i s  solved o f  determining t h e  parameters of t h e  dynamic human 

opera tor  system and cons t ruc t ion  of a model f o r  each p o s i t i o n .  The body of the  /20
opera tor  i s  looked upon as a l i n e a r  dynamic model c o n s i s t i n g  o f  series-

connected absolu te ly  r i g i d  bodies  with masses mi’ connected by e l a s t i c  and 

damping elements k i and C i .  

*. +----- - __ -~ 
I 4tt J,rad /sec  
Figure 1. 

A method i s  presented f o r  s e l e c t i n g  t h e  length of  t h e  recording of  t h e  

input  process t o  assure  i t s  s t a b i l i t y .  D i s t r i b u t i o n  r u l e s  o f  t h e  output  pro

cess  a r e  found f o r  each p o s i t i o n ,  and t h e  c o r r e l a t i o n  funct ions and s p e c t r a l  

dens i ty  funct ions a re  c a l c u l a t e d  f o r  t h e  input  and output processes .  
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Figure 2.  

The number o f  equat ions of motion o f  t h e  model i s  determined by t h e  form 

of  t h e  frequency c h a r a c t e r i s t i c  f o r  each p o s i t i o n .  The equat ions s tud ied  were /= 
used t o  f i n d  a n a l y t i c  expressions f o r  the  amplitude- frequency responses:  

IIc BIW' 

G ( O ) =  i?! 
m 
I (1)c Aim'  

i 0 

The area l i m i t a t i o n s  are f i x e d  i n  t h e  form Emi = M ,  where M i s  t h e  mass 

o f  t h e  human ope ra to r .  

By s e l e c t i n g  N values  of t h e  experimental  frequency response a t  

f requencies  w and s e t t i n g  them equal t o  express ion  (1) f o r  each o f  t he  f r e 
j

quencies ,  a system of nonl inear  a lgeb ra i c  equat ions i s  produced r e l a t i v e  t o  

t h e  model parameters t o  be  determined. 

In  t h i s  case ,  t h e  nodal f requencies  correspond t o  t h e  extreme p o i n t s  of 

t h e  experimental  frequency c h a r a c t e r i s t i c .  Calcu la t ion  of t h e  model para
meters mi '  ci and k .  

1 
was done on t h e  BESM-3M computer. 

The p o s s i b i l i t y  i s  demonstrated o f  us ing  an algori thm allowing ca l cu la 

t i o n  o f  parameters by t h i s  method with a f ixed  accuracy, In  t h i s  case ,  t h e  /z 
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number of nodal f requencies  N may exceed the  number of  unknown parameters .  

As a r e s u l t  o f  t h e  work, dynamic models a r e  produced f o r  each of  t h e  pos i 

t i o n s  with numerical va lues  of t h e  parameters.  
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MULTICHANNEL DIAGNOSIS OF MACHINES BY DIGITAL COMPUTER . . .  - * . . .  . . . .  - . . .  . _ . . . _ __ _ _ _ _  

B. D.  Tartakovskiy,  A. I .  Vyalyshev and B. A .  Kanayev (Moscow) 

Exis t ing  methods o f  diagnosis  of machines and mechanisms based on measure

ment of t h e i r  v i b r a t i o n - a c o u s t i c a l  c h a r a c t e r i s t i c s  have t h e  s i g n i f i c a n t  s h o r t 

coming t h a t  t h e  c h a r a c t e r i s t i c s  of t h e  a c o u s t i c a l  elements of  s t r u c t u r e s  of  

machines and t h e  bases  on which they res t ,  a s  w e l l  a s  s e c t o r s  of  t h e  sound 

conductors along which v i b r a t i o n s  and a c o u s t i c a l  waves propagate f o r  recept ion  

by t h e  t es t  instruments ,  in f luence  t h e  recorded r e s u l t s .  This in f luence ,  

being e s s e n t i a l l y  dependent on t h e  p o i n t  o f  placement of t h e  t es t  v i b r a t i o n  

and sound sensors ,  i n  most cases cannot be t h e o r e t i c a l l y  ca lcu la ted .  However, 

experimental  checks of t h i s  in f luence  have shown t h a t  i t  i s  p r a c t i c a l l y  i m 

p o s s i b l e  t o  e l i m i n a t e  it by proper  s e l e c t i o n  of t h e  poin t .  

One method o f  suppressing t h i s  i n f l u e n c e ,  which must be analyzed f o r  most 

cases  o f  r e a l i z a t i o n  of  diagnosis  systems as a random category,  c o n s i s t s  i n  

using multichannel a c o u s t i c a l  diagnosis  systems (MSD) . An experimental  s tudy 

was performed f o r  s e l e c t i o n  of MSD parameters,  cons is t ing  i n  t h e  determinat ion 

of expedient frequency bands and d is tances  between sensors .  

The machine s e l e c t e d  f o r  s tudy  was a d e f e c t i v e  e l e c t r i c  motor, i n s t a l l e d  

on a long, r i g i d  frame. The sensors  used were p i e z o e l e c t r i c  vibrometers ,  

placed on t h e  frame a t  var ious d is tances  from t h e  motor. The measurements 

performed i n  t h e  s t a b l e  mode u t i l i z e d  f i l t e r s  of var ious types with var ious  

widths o f  frequency band. The r e s u l t s  were processed by d i g i t a l  computer using 

a s p e c i a l  algorithm based on s t a t i s t i c a l  methods. 

Values c h a r a c t e r i z i n g  t h e  average change i n  v i b r a t i o n s  r e s u l t i n g  from t h e  

appearance of  a d e f e c t  were found. The minimum band widths of f i l t e r s  and 

minimum dis tances  between v i b r a t i o n  receptors  providing t h e  opportuni ty  t o  /z 
analyze t h e  s i g n a l  values  produced a t  t h e  c e r t a i n  p o i n t s  on c e r t a i n  frequency 

bands as  noncoherent were determined. 

This allowed t h e  maximum number o f  independent values  of v i b r a t i o n -

a c o u s t i c a l  s i g n a l s  occurr ing i n  t h e  experiment t o  be determined, and on t h i s  

b a s i s  allowed t h e  confidence i n t e r v a l s  f o r  s t a t i s t i c a l  es t imat ion  of t h e  re
l i a b i l i t y  of  t h e  mean d i f f e r e n c e  between s i g n a l s  r e l a t e d  t o  a defec t  t o  be 
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found, i . e . ,  allowed es t imat ion  of  t he  r e l i a b i l i t y  o f  t h e  d i agnos t i c  e f f e c t .  

In  t h e  experiment performed, t h e  random change i n  t h e  mean s i g n a l  l e v e l  re
s u l t i n g  from noise  a t  i nd iv idua l  p o i n t s  was only s l i g h t l y  l e s s  than the  d i f 

fe rence  between l e v e l s  r e s u l t i n g  from the  d e f e c t .  However, t h e  use of t h i s  

method of  d a t a  process ing  f o r  d a t a  produced us ing  multichannel measurements 

allowed t h e  ex is tence  of a de fec t  i n  the  e l e c t r i c  motor t o  be e s t ab l i shed  with 

a p r o b a b i l i t y  o f  no l e s s  than  0.8. 
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CYBERNETIC METHOD OF STUDYING VIBRATION ACOUSTICAL CHARACTERISTICS OF COMPLEX 
.. . . .  - . .  ~~ 

STRUCTURES 

B. D .  Tartakovskiy and G .  S .  Lyubashevskiy (Moscow) 

The essence o f  an algori thm which minimizes a s e t  of  measurements [l] con
sists of  c a l c u l a t i o n  o f  t h e  most s u i t a b l e  increment f o r  t h e  argument (from a 

f i n i t e  series of d i s c r e t e  values  accepted) f o r  t h e  next  s i n g l e  measurement 

based on information a l ready  accumulated i n  d i g i t a l  computer s t o r a g e  concerning 
behavior of t h e  r e l a t i o n  be ing  s tudied .  AS a r e s u l t ,  t h e  d e n s i t y  of  p o i n t s  

of  measurement becomes uneven: i t  i n c r e a s e s  near  s e c t o r s  o f  high information 

value--extremes--and decreases  between them. 

The ef fec t iveness  of  t h e  algori thm with v a r i a b l e  s t e p  i n  t h e  change of  

t h e  argument depends, of course,  on t h e  c l a s s  of  dependence being s t u d i e d .  

Machine modeling of an algori thm as appl icable  t o  t h e  frequency response of an 

o s c i l l a t i n g  l i n k  with one degree of  freedom i n  t h e  audio frequency range with 

opt imal ly  s e l e c t e d  cont ro l  parameters included i n  t h e  algorithm indica ted  

t h a t  

1) Reduction of t h e  measurement t i m e  (number of measurements) using t h i s  

algorithm i n  comparison with e q u i d i s t a n t  d i v i s i o n  of t h e  argument with equal  

accuracy o f  t h e  search f o r  t h e  extreme i s  

where n i s  t h e  number o f  terms i n  t h e  series o f  d i s c r e t e  values of t h e  i n c r e - /E  

ment of t h e  argument, Q i s  t h e  f i g u r e  of mer i t  of t h e  objec t  being s t u d i e d ,  


A < 102 i s  t h e  r a t i o  o f  t h e  extreme value of t h e  funct ion t o  t h e  zone of  i n - 
-
s e n s i t i v i t y ,  below which values  of  t h e  func t ion  a r e  not  of i n t e r e s t  and a r e  

not  used i n  c a l c u l a t i o n ,  1 < E < m i s  t h e  q u a l i t y  parameter included i n  t h e  

algorithm; 

2) The reduct ion  i n  measurement time using t h e  algorithm suggested i n  com

parison t o  a continuous l i n e a r  change i n  frequency with condi t ions of equal 

accuracy of  search f o r  t h e  extreme va lue  of  t h e  funct ion i s  
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where A f  i s  t h e  width o f  t h e  t ransmission band of  t h e  analyzing channel,  F is  

t h e  range o f  change of frequency, 6 i s  t h e  f i x e d  e r r o r  i n  search  f o r  t h e  ex

treme. Furthermore, when reproducing func t ions  according t o  t h e  algorithm 

suggested,  t h e  displacement of t h e  extreme by frequency and i t s  expansion, 

a r i s i n g  with a continuous change i n  frequency, are e l imina ted  i n  p r i n c i p l e ,  

Thus, f o r  example, where E = m, A f  = 1/3, Q = 20, F = 2-104 , 6 = 5*10-2, 

A = 10, t h e  gain i n  time B 


t h e  algorithm, p a r t i c u l a r l y  f o r  a high-Q system with a narrow transmission band 


lo4,  which i n d i c a t e s  th.e high e f f e c t i v e n e s s  of  

i n  t h e  analyzinp channel. A s  the number o f  extrema1 maxima q is  increased,  

t h e  e f f e c t i v e n e s s  of t h e  algorithm decreases approximately i n  t h e  r a t i o  of 

2q + 1. 
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AUTOMATION OF PROCESSING OF EXPERIMENTAL DATA AND DEVELOPMENT 
- . ._OF- -- .-,;,/ RECOMMENDAT-IONS FOR SELECTION-.- .OPTI-MAL VIBRATION-ABSORBING COATING 

B.  D .  Tartakovskiy and B .  A. Kanayev (Moscow) 

Automation of  t h e  s e l e c t i o n  of recommendations designed f o r  improvement o f  

t h e  v ibra t ion-acous t ica l  p r o p e r t i e s  of  an objec t  by v i b r a t i o n  absorpt ion on 

t h e  b a s i s  of d a t a  from experimental  s t u d i e s  of  v i b r a t i o n s  of  t h e  o b j e c t  /g 
assumes knowledge of  t h e  dependence of  t h e  q u a n t i t i e s  charac te r iz ing  v i b r a 

t i o n  (mean amplitude, mean square amplitude, e t c . )  on t h e  parameters of t h e  
vibrat ion-absorbing coat ings (VC) t o  be used. For example, assuming i n  t h e  

f irst  approximation 

( < A i )  and (2:)  we t h e  mean square amplitude o f  o s c i l l a t i o n s  of t h e  objec t  be

f o r e  and a f t e r  use of t h e  coat ing,  n o  i s  t h e  l o s s  f a c t o r  of t h e  unt rea ted  ob

j e c t ,  n l  i s  t h e  l o s s  f a c t o r  c rea ted  by t h e  c o a t i n g ) ,  we can c a l c u l a t e  t h e  

parameters of  t h e  coat ing providing a f i x e d  decrease i n  mean square v i b r a t i o n  

amplitude with minimum weight.  

Fo r  rods and p l a t e s  when e x c i t a t i o n  i s  by a monochromatic s i g n a l  o f  f re

quency w, t h e  mean square v i b r a t i o n  amplitude can be represented as  
UJ(A2>=c 
C k Z k r  

k - l  

where m i s  t h e  s p e c i f i c  mass, B i s  the  bending r i g i d i t y ,  r\ i s  t h e  l o s s  f a c t o r ,  

h k i s  a c o e f f i c i e n t  corresponding t o  t h e  K-th root  of the  c h a r a c t e r i s t i c  

equat ion.  I t  follows from t h e  expression f o r  Zk t h a t  i f  Pk u, then 

z K  - 1 / q 2 B 2 ;  where r( < i and pk = w,  t h e  value of (A2>- 1 / n 2 ~ 2 ,from which 

‘ V C ) . = $ f = ( $ - ) ( I + ~ )  9 

where B0 and B1 a r e  t h e  bending r i g i d i t y  of t h e  s t r u c t u r e  before  and a f t e r  

t reatment .  

Let us now assume t h a t  t h e  spectrum of  t h e  modes o f  t h e  s t r u c t u r e  e x c i t e d  

by t h e  o s c i l l a t i n g  f o r c e s  i s  very broad,  and i n  t h e  f i rs t  approximation w e  can 
consider  t h a t  t h e  amplitudes of  t h e  modes e x c i t e d  a r e  approximately i d e n t i c a l .  
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In  t h i s  case w e  can l i m i t  ourse lves  t o  t h e  power approximation, cons ider ing  

t h a t  t h e  change i n  k i n e t i c  energy of t he  s t r u c t u r e  i s  inve r se ly  p ropor t iona l  

t o  the  l o s s  f a c t o r .  We then ob ta in  

The lo s s  f a c t o r  and bending r i g i d i t y  o f  a two l a y e r  coa t ing  depend on 

t h e  r a t i o  o f  l a y e r  th icknesses  of t h e  coa t ing  [1,2].  The dependence o f  (VC), 

on r a t i o  H2/H1 of t h e  th ickness  of  t h e  in te rmedia te  l a y e r  i n  a t h r e e  l a y e r  

s t r u c t u r e  t o  t h e  th ickness  o f  t h e  p l a t e  f o r  var ious  va lues  o f  r e l a t i v e  

coa t ing  weight is  shown on Figure 1. The na tu re  of t h e  change i n  frequency 

c h a r a c t e r i s t i c s  of  (VC) 2 and (VC) 3 as a func t ion  o f  th ickness  r e l a t i o n s h i p  i n  

a two l aye r  coa t ing  i s  shown on Figure 2 .  Knowledge o f  t h e s e  r e g u l a r i t i e s  

allows us ,  on t h e  b a s i s  o f  processing o f  experimental  d a t a ,  t o  perform com

p u t e r  ca l cu la t ion  o f  t h e  coa t ing  parameters most f u l l y  meeting t h e  r equ i r e 

ments f o r  reduct ion  i n  v i b r a t i o n  l e v e l  of  t he  s t r u c t u r e  being measured. 

r P . 0 . 4 /  1 
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.. . - .  IDENTIFICATION
_-? 

PARAMETERS- OF . -. -i= ~- . . . - - . - - -RANDOM OSCILLATIONS AND . = . ~ - - - . .  . . . __  OF- _ _ _ I . _ .  - - =  PRECISION .BALL... .BEARINGS. . .  

A - E .  Yu. Vitkute  (Kaunas) 

The reasons f o r  v i b r a t i o n  o f  b a l l  bear ings a r e  e r r o r s  i n  t h e  shape of t h e  

r o l l i n g  s u r f a c e  c o n s i s t i n g  of s o - c a l l e d  waviness, changes i n  loads ,  changes 

i n  th ickness  o f  l u b r i c a n t  l a y e r ,  which cannot be descr ibed as d e t e r m i n i s t i c  

func t ions .  Therefore ,  c a l c u l a t i o n  and s tudy of  t h e  corresponding dynamic 

system r e q u i r e s  t h a t  p r o b a b i l i s t i c  o r  s t a t i s t i c a l  methods be used. 

Within t h e  framework of  t h e  c o r r e l a t i o n  theory o f  f u n c t i o n s ,  t h e  degree 

o f  in f luence  o f  ind iv idua l  f a c t o r s  on t h e  t o t a l  v i b r a t i o n  l e v e l  can be de

termined by so lv ing  an i d e n t i f i c a t i o n  problem, i n  which t h e  optimal es t imate  

of  t h e  o p e r a t o r  of a system i n  a c l a s s  of  l i n e a r  opera tors  i s  sought on t h e  

b a s i s  of  t h e  reac t ions  o f  inputs  and t h e  output .  

Determination o f  t h e  d i s t r i b u t i o n  of system v a r i a b l e s  as t h e  f u l l  charac

t e r i s t i c  of  system behavior  a t  each moment i n  time can be performed by s t a 
t i s t i c a l  t e s t i n g .  Analy t ic  s tudy of  t h e  mathematical model is  replaced by 

experimentation with a phys ica l  model, reproduced us ing  a d i g i t a l  computer. 

The p r i n c i p l e  s t a g e s  i n  t h e  s o l u t i o n  a r e :  a) determinat ion of p r o b a b i l i s 

t i c  models of a c t u a l  random processes;  b) generat ion of a sequence of random 

processes  corresponding i n  t h e i r  p r o b a b i l i t y  c h a r a c t e r i s t i c s  t o  a c t u a l  pro

cesses  i n  t h e  system being s tudied ;  c) conversion o f  t h e  sequence i n  cor res - /E 
pondence t o  t h e  s t r u c t u r e  o f  t h e  a c t u a l  system; d) s t a t i s t i c a l  processing of 
t h e  output  s i g n a l s  produced. 

During i n v e s t i g a t i o n ,  a l l  c h a r a c t e r i s t i c s  of  t h e  bear ing  a r e  measured i n  

t h e  washed s t a t e  and a f t e r  l u b r i c a t i o n .  Deviations from t h e o r e t i c a l  c i r 

c u l a r i t y  o f  t h e  t r a c k s  o f  t h e  i n t e r n a l  and e x t e r n a l  bear ing r i n g s  a r e  re

corded using Indiron. 

The a c t u a l  processes  a r e  replaced with l a t t i c e  f u n c t i o n s .  The recording 

i n t e r v a l  and r e s u l t a n t  sample space a r e  determined according t o  t h e  requi re 

ments f o r  unbiased, c o n s i s t e n t  and optimal es t imates  i n  t h e  sense  of  t h e  mini

mum variance of es t imates  of t h e  p r o b a b i l i t y  c h a r a c t e r i s t i c s - - t h e  d i s t r i b u t i o n ,  

mathematical expec ta t ion ,  c o r r e l a t i o n  func t ion  and s p e c t r a l  densit.y. When ran

dom inf luences  a r e  formulated by computer, Gaussian white n o i s e  i s  used as  t h e  
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t 	 i n i t i a l  process ,  passed through l i n e a r  f i l t e r s .  S t a t i s t i c a l  i n t e r p r e t a t i o n  of  

t h e  output  s i g n a l s  i s  performed using ord inary  methods f o r  es t imat ion  of the  

parameters o f  d i s t r i b u t i o n s .  

The t r a n s f e r  func t ions  of  systems are determined: the  e r r o r  i n  manufac

t u r e  o f  bear ing  races- - the  v a r i a b l e  drag torque ,  t h e  e r r o r  i n  manufactured--

v ib ra t ion  i n  t h e  a x i a l  d i r e c t i o n .  
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USE OF DIGITAL COMPUTER FOR DETERMINATION OF EFFECT OF VIBRATION-DAMPING. 
- - .- . . 
. . . .  . .  OF-- sTRUCTU-RE-CEMENT .~. OF RESONANT- FREQUENCIES .. . 

V. B. Stepanov and V. D .  Tartakovskiy (Moscow) 

The i n t e g r a l  power r e l a t i o n s h i p s ,  r e l a t i n g  the  displacement of  resonant  

f requencies  of  a s t r u c t u r e  when coa t ings  are appl ied  t o  t h e  change i n  l o s s  

f a c t o r  a re  s tud ied  experimental ly ,  allowing t h e  l o s s  f a c t o r  t o  be es t imated  

on t h e  b a s i s  of  t he  ca l cu la t ed  o r  measured frequency s h i f t ,  t h e  l o s s  f a c t o r  

i n  t u r n  cha rac t e r i z ing  t h e  decrease i n  v i b r a t i o n  l e v e l .  

In  t h i s  connection, t h e  d i s t r i b u t i o n  of v i b r a t i o n  amplitudes i n  var ious  

modes of  o s c i l l a t i o n  of t h e  s t r u c t u r e  before  and a f t e r  app l i ca t ion  of the  

coa t ing  i s  s tud ied .  The processing of  measurement r e s u l t s  produced as the  

dependence of o s c i l l a t i n g  amplitude on frequency and po in t  of  placement o f  

vibrometer was performed by d i g i t a l  computer us ing  an algori thm allowing the  

s t a t i s t i c a l  mean values  of  t he  requi red  parameters ,  measurement e r r o r  and 

c a l c u l a t i o n  e r r o r ,  confidence i n t e r v a l s  f o r  t h e  t r u e  values  of parameters ,  

mean decrease i n  v i b r a t i o n  l e v e l  and necessary secondary c h a r a c t e r i s t i c s  of 

t h e  s t r u c t u r e  t o  be determined. 
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FACTORS DETERMINING VIBRATION ACOUSTICAL CHARACTERISTICS OF BALL BEARINGS _ _  


B.  Y e .  Bolotov and V. B .  Marnin (Kuybyshev) 

Resul ts  a r e  presented from a combined s tudy o f  t h e  inf luence  o f  t h e  f o l - /E
lowing i n t e r n a l  f a c t o r s  on t h e  v i b r a t i o n  c h a r a c t e r i s t i c s  of a bear ing .  Radial  

c learance,  c learance o f  bear ings i n  s e p a r a t o r  ho les ,  f l a t  s p o t s  and waves on 

contac t ing  sur faces  of i n t e r n a l  and e x t e r n a l  r i n g s  and r o l l i n g  bodies ,  

d i f f e r e n c e s  i n  s i z e s  o f  r o l l i n g  bodies .  

The s t u d i e s  were performed us ing  a commercially manufactured v i b r a t i o n  

a c o u s t i c a l  apparatus  and a number of s p e c i a l  devices  : i n s t a l l a t i o n s  f o r  measure

ment of  v i b r a t i o n  a c c e l e r a t i o n s  of  ind iv idua l  bear ing elements, a device 

analyzing v i b r a t i o n  a c c e l e r a t i o n s  o f  t h e  assembled bear ing ,  a semiautomatic 

device f o r  t e s t i n g  waviness o f  r o l l i n g  bodies .  

Recommendations a r e  presented  f o r  decreasing t h e  l e v e l  of v i b r a t i o n  of  

general  and s p e c i a l  purpose b a l l  bear ings ,  and a new v i b r a t i o n  a c o u s t i c a l  

apparatus i s  descr ibed,  allowing v i b r a t i o n  flaw d e t e c t i o n  t o  be Performed, i n 

d i c a t i n g  t h e  concrete  cause of  increased v i b r a t i o n s  of  bear ings .  
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STUDY OF NOISE FORMATION I N  THROTTLING DEVICES FOR MEASUREMENT OF NOISE CHARAC~- 
~ 
 . __
TERISTICS OF FANS 

Ye. Ya. Yudin and N .  N .  Severina (Moscow) 

In t h i s  work, w e  s t u d i e d  t h r o t t l e s  of t h e  washer-and-screen type,  used i n  

aerodynamic tests of  fans .  The advantage of  t h i s  type over o t h e r  types of  chokes 

(e .g . ,  s l i d e  g a t e s ,  b u t t e r f l y  valves  and o thers )  i s  t h a t  they create a d i s t r i 

buted r e s i s t a n c e  which does not  t w i s t  t h e  flow. They t h e r e f o r e  do n o t  c r e a t e  

a d d i t i o n a l  turbulence which, p a r t i c u l a r l y  i n  an i n t a k e  l i n e ,  may cause add

i t i o n a l  no ise  formation i n  t h e  fan .  Furthermore, s t u d i e s  of  n o i s e  formation i n  

a i r  l i n e  elements (A. V.  Tolmachev, Ye. Ya. Yudin) have demonstrated t h a t  t h e  

l e a s t  no isy  elements are those with c e n t r a l  placement of t h e  a p e r t u r e  f o r  a i r  

t ransmission.  Devices which compress t h e  flow through a s l i t  a g a i n s t  one 

w a l l  of t h e  a i r  l i n e  ( s l i d e  g a t e s ,  b u t t e r f l y  valves  cause a d d i t i o n a l  (7-10 db 

more) no ise  genera t ion .  

The measurements descr ibed were performed using a method and experimental / 3 0  

i n s t a l l a t i o n  descr ibed e a r l i e r ,  t h e  diameter o f  a l l  sc reens  was 150 mm. An 

apparatus  produced by t h e  "Bruel and Kjaer" flrm was used.  Measurements were 

performed by t h e  r e f l e c t e d  f i e l d  method with minimum n o i s e  l e v e l  ( a t  n i g h t ) .  

The range of  requi red  change i n  a i r  stream v e l o c i t y  during t h e  t e s t s  was 

determined on t h e  b a s i s  of  t h e  range of  flow rate f a c t o r s  i n  general  purpose 

fans (0 .2  t o  0 .8 ) .  A s  a p p l i c a b l e  t o  a fan  with a b lade  diameter of 150 mm, 

t h e  upper l i m i t  of  v e l o c i t y  was 18.5 m/sec. The minimum v e l o c i t y  i n  t h e  i n 

t a k e  tube was determined by t h e  noise  l e v e l .  

The a c o u s t i c  power l e v e l s  of t h e  g r i d s  were then compared with t h e  noise  
. 


spectrum of  t h e  f a n  i n t a k e ,  measured i n  t h e  same room. 

With a flow v e l o c i t y  corresponding t o  a c t u a l  condi t ions  ( i . e . ,  i n  t h i s  

case t h e  v e l o c i t y  i n  t h e  i n t a k e  tube of  t h e  f a n ) ,  t h e  t o t a l  a c o u s t i c  power level  

of one g r i d  w a s  84.5 db. Under t h e s e  same condi t ions,  t h e  t o t a l  a c o u s t i c  power 

l e v e l  of  t h e  f a n  (measured i n  t h e  same room) was 92 db. 

A comparison o f  t h e  n o i s e  spectrum of  t h e  screen and f a n  showed t h a t  no ise  

formation i n  t h e  t h r o t t l i n g  device,  with t h e  except ion of low frequencies ,  i s  
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1B 
J 	 s i g n i f i c a n t l y  lower than t h e  fan noise .  Since t h e  f an  t e s t e d  i s  one of the  

most q u i e t  (of s e r i e s  produced f a n s ) ,  the d i f f e rence  with o the r  types of fans  

w i l l  be even g r e a t e r .  
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METHOD OF STUDYING RELAXATION OSCILLATIONS OF A BALL I N  THE SEPARATOR OF A 
. .  . . .  . . .  . . - 


BALL BEARING W-Ir-

B.  Y e .  Bolotov and V .  V .  Trubinikov (Kuybyshev) 

The i n s t a l l a t i o n  diagrammed i n  Figure 1 c o n s i s t s  of t h e  bear ing  being s t u 

died 1 with t e x t o l i t e  s e p a r a t o r  2 ,  supports  3,  on which t h e  i n n e r  r i n g  of 

t h e  bear ing  i s  s e a t e d  and clamp 4 around t h e  o u t e r  r i n g  of  t h e  bear ing.  The 

clamp c a r r i e s  load 5, c r e a t i n g  a r a d i a l  load on t h e  bear ing .  Brass contac t  


r i n g s  6 and 7 are glued t o  t h e  s e p a r a t o r ,  and contac t  carbon brushes 8. The 


brushes a r e  mounted i n  bracke t  9 made of  p l e x i g l a s s  with s p r i n g  10. The tex 


t o l i t e  s e p a r a t o r  contains  b r a s s  contac ts  11 and 1 2 ,  connected with r i n g s  7 /= 

and 6 r e s p e c t i v e l y .  I n  order  t o  determine t h e  p o s i t i o n  o f  a b a l l  i n  t h e  


s e p a r a t o r  space and i t s  movements with v i b r a t i o n s ,  t h e  mount around which t h e  


bearing i s  s e a t e d  i s  r o t a t e d .  The e l e c t r i c a l  c i r c u i t  c o n s i s t s  o f  a 4 .5  V 


b a t t e r y ,  v i b r a t o r s  13 and 14 of  a loop osc i l loscope ,  s p r i n g  10, brush 8 ,  


r i n g s  6 and 7 ,  contac ts  11 and 12 and t h e  b a l l .  The osci l lograms produced 


with var ious t e s t  condi t ions ( load,  r o t a t i n g  speed, e t c . )  can be analyzed t o  


determine t h e  v i b r a t i o n  displacements o f  t h e  b a l l  i n  t h e  s e p a r a t o r .  I n  t h i s  /z 

manner i t  was e s t a b l i s h e d  t h a t  a t  c e r t a i n  moments i n  time t h e  b a l l  performs 


r e l a x a t i o n  o s c i l l a t i o n s  n e a r  t h e  wal l  o f  t h e  s e p a r a t o r  a t  a frequency of  about 


200-300 H z .  


Oscillograms of t h e s e  o s c i l l a t i o n s  a r e  presented  and analyzed. 

By changing t h e  working condi t ions of t h e  bear ing  and i t s  parameters,  t h e  

v i b r a t i o n s  can be reduced o r  completely e l imina ted ,  thus  increas ing  t h e  

e f f i c i e n c y  o f  t h e  r o l l i n g  sur face  bear ings .  
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THE STATISTICAL STRENGTH RESERVE OF DISCRETE SYSTEMS 
...--... ..- . . . . . 


M. L .  Sverdan and Ye. F. Tsar 'kov (Chernovitsy) 

A method i s  suggested f o r  c a l c u l a t i n g  t h e  s t a t i s t i c a l  s t r e n g t h  reserve  of 

d i s c r e t e  systems, t h e  behavior  of which i s  descr ibed by an equat ion i n  t h e  form 

where b
j and % are cons tan ts .  

A s  we know, a necessary and s u f f i c i e n t  condi t ion f o r  asymptotic s t a b i l i t y  

of t h e  t r i v i a l  s o l u t i o n  o f  (1) is: 

A) The r o o t s  o f  t h e  polynomial ~ 

L m-1 

J-0 k-0 

a r e  loca ted  i n  a c i r c l e  I z l  < 1. 

This condi t ion i s  considered f u l f i l l e d  throughout t h e  fol lowing.  

Theorem 1. The s t a t i s t i c a l  s t r e n g t h  reserve  S with r e s p e c t  t o  parameter
j

b .  	i s  

-I- m- I m-l  I- I(c% 2-k) (E *e")
'
2tci 1 k=o rW(2) W(+)

1 II= I  
c 

Theorem 2 .  I f  t h e  c o e f f i c i e n t s  b
j 

of  equat ion (1) are e x c i t e d  by t h e  i n 

dependent sequences a with zero means and var iance o t h e  t r i v i a l  s o l u t i o n  /E
n j  j '

of t h e  exc i ted  system i s  asymptot ical ly  s t a b l e  i n  t h e  mean square i f  and only 

i f  

Theorem 3 .  If t h e  random 
1i mvariances o where n-xa o = 

n j '  n j  
square asymptotic s t a b i l i t y  of  
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L
c s,-' oj < I . 
j = l  (3)  

q u a n t i t i e s  an j  
i n d i c a t e d  i n  theorem 2 have 

o
j '  

then (3)  is  a s u f f i c i e n t  condi t ion f o r  mean 

t h e  t r i v i a l  s o l u t i o n  of  t h e  e x c i t e d  system. 

1 



This r e p o r t  p r e s e n t s  condi t ions f o r  var ious s t a b l e  modes of simple vibra

tf t ion-impact systems on t h e  assumption t h a t  t h e  c o e f f i c i e n t  of  r e s t i t u t i o n  upon 

impact i s  a random q u a n t i t y .  
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INFLUENCE OF METHODS OF FASTENING OF ACCELEROMETER ON ITS FREQUENCY CHARAC
.~


TERISTICS 

Yu. M.  Vasi l 'yev,  Yu. K .  Konenkov and L .  F .  Lagunov (Moscow) 

Based on an a n a l y s i s  o f  an accelerometer  consider ing t h e  r i g i d i t y  of  i t s  

mounting, an a n a l y t i c  expression i s  produced f o r  t h e  necessary se t  frequency 

o f  t h e  conver te r  (w set) depending on i t s  n a t u r a l  frequency (w 0) ,  requi red  t o  

provide a frequency c h a r a c t e r i s t i c  with f i x e d  unevenness over  a predetermined 

frequency range 

where wb is  the  upper boundary frequency o f  t h e  range used, up t o  which the  

unevenness o f  t h e  frequency c h a r a c t e r i s t i c  does not  exceed A ,  

E i s  t h e  r a t i o  o f  t he  mass o f  t h e  i n e r t i a l  element t o  t h e  mass of the  

body o f  t h e  accelerometer .  

The expression produced can be used t o  determine t h e  necessary value of 

e l a s t i c i t y  o f  mounting o f  a conver te r  t o  an ob jec t  f o r  measurement. 

The frequency c h a r a c t e r i s t i c s  of  accelerometers  with var ious  mounting 

methods are s tud ied  experimental ly  i n  t h i s  work. 

The inf luence which in te rmedia te  f a s t en ing  elements such as c o l l a r s ,  ba r s  /E 
and o t h e r  devices used when t h e  sensor  cannot be i n s t a l l e d  d i r e c t l y  a t  t h e  

r equ i r ed  poin t  on t h e  ob jec t  have on t h e  frequency c h a r a c t e r i s t i c  of  sensors  i s  

s tud ied  a n a l y t i c a l l y .  

An experimental  device i s  recommended f o r  i n v e s t i g a t i o n  o f  t h e  inf luence  

o f  in te rmedia te  sensor  f a s t en ing  elements.  
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STUDY OF COLLISIONS OF MACHINE ELEMENTS ON THE BASIS OF PHENOMENOLOGICAL MODELS 
OF INELASTIC MEDIA 

A. N .  Lenskiy, V. M. Loboda and L .  P .  Fabrika (Dnepropetrovsk) 

The experience gained i n  a p p l i c a t i o n  o f  analog models f o r  determinat ion o f  

t h e  f o r c e  modes of opera t ion  of  elements o f  heavy machines i n  t h e  mining and 

meta l lurg ica l  i n d u s t r y  i s  discussed.  The general  problems involved i n  t h e  

statement and s o l u t i o n  of t h e  problem of determining impact parameters 

(dura t ion ,  magnitude and form of impact p u l s e ,  impact energy, c o e f f i c i e n t  of 
r e s t i t u t i o n ) ,  as well as problems of determining t h e  dynamic r e s u l t s  o f  

impact loads between t h e  e las t ic  l i n k s  of  machines r e s u l t i n g  from impact 

i n t e r a c t i o n  of masses are presented .  A method is  descr ibed f o r  determining 

areas of  s t a b i l i t y  o f  p e r i o d i c  modes of  motion of impact and vibrat ion-impact  

systems using analog models. 

A general ized model f o r  s u b s t i t u t i o n  of an elementary volume of  a medium 

i s  suggested.  The c o l l i d i n g  bodies a r e  considered as c o n s i s t i n g  of  a s e t  of 

elementary volumes. Each elementary volume and i t s  coupling t o  neighboring 

volumes a r e  replaced by a rheologica l  model, t h e  p r o p e r t i e s  o f  which a r e  de

termined by t h e  p r o p e r t i e s  of t h e  m a t e r i a l  o f  t h e  c o l l i d i n g  bodies .  Rheological 

mode 1s o f  v i s  coe 1ast i c  , e l a s t o - p l  ast i c  and viscoe last  i c - p l  ast i c  media are 
s t u d i e d .  I t  i s  demonstrated t h a t  t h e s e  models descr ibe  t h e  p r o p e r t i e s  o f  

s t m c t u r a l  mater ia l s  used i n  machine b u i l d i n g  s u f f i c i e n t l y  completely ( f o r  

purposes of modeling of c o l l i s i o n s ) .  

The c h a r a c t e r i s t i c s  o f  t h e  s u b s t i t u t i o n  models a r e  ca lcu la ted  o r  d e t e r 

mined on t h e  b a s i s  of  r e s u l t s  of s t a t i c  and dynamic t e s t s  of m a t e r i a l s .  

The mathematical models suggested descr ibe  t h e  c o l l i s i o n s  of bodies ,  t h e  

per iod of n a t u r a l  o s c i l l a t i o n s  of  which i s  s h o r t  i n  comparison t o  t h e  dura t ion  

of t h e  c o l l i s i o n s .  The use of t h e  models suggested f o r  t h e  s tudy  o f  c o l l i s i o n s  

of machine elements i s  j u s t i f i e d .  

Examples a r e  presented of modeling concrete impact and vibrat ion-impact  /E 
systems: a v e r t i c a l  v i b r a t i o n  t r a n s p o r t e r ,  an unbalanced r o t o r ,  r o t a t i n g  i n  a 

bear ing without l u b r i c a t i o n ,  and a Geneva mechanism. The r e s u l t s  o f  modeling 

a r e  compared with p r e c i s e  a n a l y t i c  s o l u t i o n s .  
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METHODS OF STUDYING VIBRATIONS OF HIGH-SPEED DIESELS- . . . . . . . . -


L .  V.  Giuzov, M. A. Miselev and I .  M .  Chirkov (Leningrad) 

Determination o f  t h e  i r ibrat ion l e v e l s  o f  high-speed d i e s e l s  by c a l c u l a t i o n  

requi red  determinat ion of complex mechanical r e s i s t a n c e s  (impedances) of  i n 

d iv idua l  p a r t s  o f  t h e  d i e s e l ,  i t s  combined u n i t s ,  shock absorbers  and founda

t i o n .  A t  t h e  present  time, mechanical r e s i s t a n c e  i s  c a l c u l a t e d  only f o r  

rods with d e f i n i t e  boundary condi t ions .  For p a r t s  with more complex configu

r a t i o n  with v a r i a b l e  c ross  s e c t i o n s  such as x a n k s h a f t s  , blocks,  crankcases,  

e t c . ,  mechanical r e s i s t a n c e s  a r e  not  c a l c u l a t e d .  The d i f f i c u l t y  of t h e  

problem i s  t h a t  when a s i n g l e  type o f  o s c i l l a t i o n  i s  e x c i t e d ,  e . g . ,  longi

t u d i n a l  o s c i l l a t i o n s ,  f u r t h e r  propagation i s  accompanied by t h e  development 

of f l e x u r a l  o s c i l l a t i o n s  and v i c e  versa .  Furthermore, i n  t h e  high frequency 

a r e a  t h e r e  a r e  many p o s s i b l e  resonant  phenomena, which a r e  extremely d i f f i c u l t  

t o  consider  i n  advance. 

Therefore ,  experimental  s t u d i e s  a r e  f i rs t  requi red ,  g e n e r a l i z a t i o n  of t h e  

r e s u l t s  of which would make p o s s i b l e  t h e  a p p l i c a t i o n  of  a d e f i n i t e  mathemati

c a l  apparatus .  S tudies  were performed with a s tandard  high-speed, l ightweight  

V - 1 2  d i e s e l  type ChN 18/20 with an e f f e c t i v e  power r a t i n g  of  1200 hp a t  1850 

rpm with a l e v e l  of v i b r a t i o n  o f  support  lugs of 118 db (acce lera t ion)  and an 

a i r  n o i s e  l e v e l  o f  125 db. Measurement of  combined mechanical r e s i s t a n c e s  

was performed i n  t h e  mode of s t a b l e  s i n u s o i d a l  o s c i l l a t i o n s  f o r  t h e  fol lowing 

d i e s e l  p a r t s  and u n i t s :  block,  upper and lower crankcases, p i s t o n s ,  crank
s h a f t s ,  connecting rods and assemblies.  The p o i n t  and t r a n s f e r  impedances 

were determined i n  t h e  20 Hz-10 KHz frequency range. 

The measuring apparatus  included a channel f o r  measurement o f  o s c i l l a t i n g  

speed with a f i l t e r  and phase i n v e r t e r  and a channel f o r  measurement of o s 
c i l l a t i n g  power with a f i l t e r .  The vol tage  from t h e  outputs  of each channel 

was f e d  t o  a phase meter o r  t o  t h e  p l a t e  of  a cathode osc i l lograph  f o r  measure

ment of  t h e  phase s h i f t  angle between force  and speed. An impedance head was /E 
made according t o  a design developed by N .  N .  Kupriyanov and I .  L .  Orem, with 

s e v e r a l  design improvements, al lowing t h e  accuracy of measurements i n  t h e  high 

frequency a r e a  t o  be improved. The source o f  e x c i t a t i o n  used was an e l e c t r o 

dynamic v i b r a t o r  f o r  t h e  a r e a  o f  low and middle f requencies  and a p i e z o e l e c t r i c  
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1i v i b r a t o r  f o r  t h e  high frequency a rea .  Calcu la t ion  of t h e  impedance modulus, 

i" i t s  imaginary and r e a l  p a r t s  was performed us ing  known formulas. 
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DIFFERENTIAL-~.EQUATION FOR HORIZONTAL LOOP OF SIGNAL CARRIER 

P .  A. Varanauskas (Kaunas) 

I n  magnetic recorders  using f ree  tape  loops,  an impact occurs as t h e  tape  

i s  fed.  This causes n o i s e  and v i b r a t i o n  of  t h e  t a p e ,  which has  a negat ive 

inf luence  on t h e  accuracy of magnetic recording and reproduct ion of s i g n a l s  

i n  t a p e  d r i v e  mechanisms. 

I t  has been noted t h a t  t h e  impact i s  decreased i f  t h e  wal l s  a r e  curved. 

The optimal rad ius  of curvature  corresponds t o  t h e  curvature  of t h e  t a p e  loop. 
defined by t h e  d i f f e r e n t i a l  equat ion 

and t h e  equation 
M=a,y  

where a1 i s  t h e  f o r c e  of compression o f  t h e  ends of t h e  loop. 

Solving, we obtain 

Here 

The equat ion has t h e  form o f  e l l i p t i c a l  i n t e g r a l s .  This  i s  e a s i l y  solved 

by t a b u l a r  methods o r  by computer. 
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STUDY OF FLEXURAL OSCILLATIONS OF MAGNETIC DRUMS 

Yu. Yu. Getsevichyus, Z .  I .  Potsyus and K .  M .  Ragul 'skis (Kaunas) 

Problems o f  t h e  f l e x u r a l  o s c i l l a t i o n s  of  magnetic drum recording media 

a r e  s tud ied ,  as well a s  means f o r  reducing and measuring them. 

The primary sources and causes of o s c i l l a t i o n s  i n  t h e  angular  v e l o c i t y  

are determined f o r  var ious  types  of magnetic drums. The evenness o f  t h e  

v e l o c i t y  of e lec t r ic  d r i v e  motors used t o  d r i v e  magnetic drums i s  s t u d i e d  i n  

d e t a i l .  I n v e s t i g a t i o n s  a r e  performed using var ious methods f o r  s t a b i l i z i n g  

t h e  r o t a t i o n  ra te .  E f f i c i e n t  designs f o r  d r i v e  mechanisms with increased  

r o t a t i o n  smoothness a r e  suggested.  

The o s c i l l a t i o n s  i n  angular  v e l o c i t y  were measured using tandem piezo

sensors  of u n i v e r s a l  v i b r a t i o n  measuring apparatus ,  o r  by a frequency method 

involving comparison o f  t h e  phase of per iods  of s tandard and measured p u l s e  

sequences. 

The d a t a  from experimental  s t u d i e s  were processed by a s t a t i s t i c a l  method 

on a computer. 
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VIBRATIONS OF A STORAGE DRUM OF A BESM-6. _  COMPUTER - . ... . _ .  


v . - R .  V.  Atstupenas,  Yu. Yu. Getsevichyus, I - M .  P .  Pakaushi te  and K.  M. Ragu1'
s k i s  (Kaunas) 

Vibrat ions o f  a memory drum inf luence  t h e  constancy of  t h e  recording spac

i n g  and t h e  r a t e  of movement of t h e  record ing  s u r f a c e  o f  t h e  drum i n  r e l a t i o n  

t o  t h e  magnetic heads.  This v a r i a b l e  component i n  r e l a t i v e  v e l o c i t y  i s  added /E 
t o  t h e  c i r c u l a r  v e l o c i t y  of  t h e  drum. A change i n  t h e  spacing during opera t ion  

o f  a memory device causes p a r a s i t i c  amplitude modulation o f  t h e  s i g n a l s  re

corded and read. Changes i n  r e l a t i v e  v e l o c i t y ,  as  wel l  as v i b r a t i o n s  o f  t h e  

magnetic drum i n  t h e  a x i a l  d i r e c t i o n ,  r e s u l t  i n  p a r a s i t i c  phase modulation 

of  t h e  s i g n a l .  

An experimental  s tudy  of drum v i b r a t i o n  was performed us ing  a high

sensit i v i  ty mu 1tich ann e 1 me asu r  ement apparatus and conta c t  1ess capa citive 

sensors  developed f o r  t h e  purpose. The r e s u l t s  of recording o f  drum v i b r a t i o n s  

were processed by s t a t i s t i c a l  methods on a computer. The p r i n c i p a l  sources  of  

v i b r a t i o n  of a magnetic drum a r e  determined. Measures t o  decrease t h e  v ibra

t i o n s  of  t h e  magnetic drum a r e  ind ica ted  and s t u d i e d  a n a l y t i c a l l y .  
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1 STUDY OF VIBRATION AND DYNAMIC BALANCING OF MECHANISMS, INCLUDING SEVERAL 
.- __ 


PARALLE i SHAFT s 

I .  Yu. Yurgaytis,  Rem. A .  Ionushas and K .  M.  Ragul 'skis  (Kaunas) 

The p o s s i b i l i t y  i s  s tud ied  o f  balancing r o t a t i n g  ob jec t s  i n  an assembly 

with seve ra l  pa ra l l e l  s h a f t s  i n  t h e  form o f  a gear  box used,  i n  p a r t i c u l a r ,  

i n  p rec i s ion  machine t o o l  bu i ld ing  . 
D i f f e r e n t i a l  equat ions o f  motion a r e  der ived f o r  a system inc luding  sever

a l  p a r a l l e l  s h a f t s  r o t a t i n g  a t  var ious angular  v e l o c i t i e s .  

Solu t ion  o f  the  equat ions o f  motion o f  t he  system i s  used as a b a s i s  f o r  

de r iv ing  a n a l y t i c  dependences between the  parameters of  unbalanced r o t a t i n g  

s h a f t s  and the  o s c i l l a t i n g  parameters o f  t he  system. This allows determination 

of t he  magnitude and po in t  of imbalance f o r  a l l  s h a f t s  simultaneously.  

Resul ts  a r e  presented  from experimental  s t u d i e s  confirming the  t h e o r e t i 

c a l  assumptions. Analysis i s  performed of v i b r a t i o n s  o f  gear  box mechanisms. 

Oscillograms of t h e  v i b r a t i o n s  a r e  processed s t a t i s t i c a l l y  by computer. This 

r evea l s  t h a t  t he  graphs of s p e c t r a l  power a r e  dominated by frequencies  exc i t ed  

by the unbalanced r o t a t i n g  s h a f t s .  
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. .
ANALOG COMPUTER STUDIES OF OSCILLATIONS OF SYSTEMS HAVING HYSTERESIS C+RAC-... . . . . . . . . ~ . - . . . .  . - - .. . . .
_ _ 

TERISTICS 

Yu. A. Kozlov, V .  F. Rakhmanov and A.  A .  Samarin (Moscow) 

The methods and r e s u l t s  are presented from a computer s tudy  o f  dynamic /E 
processes  i n  systems having h y s t e r e s i s  c h a r a c t e r i s t i c s .  The authors  have de

veloped an o p t i c a l - e l e c t r o n i c  func t iona l  converter  (OFC) c o n s i s t i n g  of an 

attachment t o  an ord inary  analog computer f o r  reproduct ion -of h y s t e r e s i s  

c h a r a c t e r i s t i c s  during modeling. The opera t ion  of  t h e  OFC i s  based on t h e  

use of  t h e  ambiguous dependence o f  photocurrent  o f  s e v e r a l  types of  i n d u s t r i a l  

p h o t o r e s i s t o r s  on appl ied  vol tage ,  which has  t h e  form of  a h y s t e r e s i s  loop 

with branches contac t ing  a t  t h e  coordinate  o r i g i n ,  with a n a t u r a l  counter

clockwise course.  

Changing t h e  l e v e l  of l i g h t  f l u x  and i t s  d i s t r i b u t i o n  over t h e  sens ing  

s u r f a c e  o f  t h e  photographic emulsion a r e  used t o  r e g u l a t e  parameters of  t h e  

loop during s e l e c t i o n  o f  t h e  requi red  c h a r a c t e r i s t i c s  of  t h e  o s c i l l a t i n g  

system being modeled. The form, a r e a  and degree o f  asymmetry of  t h e  h y s t e r e s i s  

loop a r e  regula ted .  Connection of t h e  OFC i n  t h e  Znput c i r c u i t  and t h e  feed

back c i r c u i t  o f  t h e  o p e r a t i o n a l  ampl i f ie r  allows t h e  d i r e c t i o n  of  movement of  

t h e  loop contour t o  be changed. This allows modeling of  dynamic processes 

consider ing both accumulation and d i s s i p a t i o n  of  energy i n  o s c i l l a t i n g  sys

tems, r e s u l t i n g  from t h e  presence o f  h y s t e r e s i s  p r o p e r t i e s .  Some o f  t h e  charac

t e r i s t i c s  reproduced us ing  t h e  OFC a r e  shown on Figure 1 (U1 i s  vol tage  a t  i n 

put  of  OFC, U2 i s  vol tage  a t  output  of  O F C ) .  

When using t h e  OFC, t h e  analog computer can s o l v e  nonl inear  d i f f e r e n t i a l  

equat ions,  one o r  more terms o f  which a r e  ambiguous h y s t e r e s i s  dependences of 

t h i s  type : 

a, x(")+a,- 1 x("-1' +.. . + a , X + a , f ( x ,  i; .)=F(d. (1) 

The symbols used here  a r e :  a are constant c o e f f i c i e n t s ,  f(x,K) i s  t h e  hysn 
t e r e s i s  c h a r a c t e r i s t i c ,  F ( t )  i s  t h e  ex terna l  e x c i t a t i o n .  

The s o l u t i o n  of  an equat ion such as (1) was s t u d i e d  where n = 2 ,  a1 = 0 

and F ( t )  = F( t  + T), where T i s  t h e  per iod o f  o s c i l l a t i o n s  produced by a n a l y s i s  

of forced o s c i l l a t i o n s  of  mechanical systems consider ing damping by i n t e r n a l  
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f r i c t i o n ,  as  w e l l  as s e l f - o s c i l l a t i o n s  caused by i n t e r n a l  f r i c t i o n .  I t  i s  

demonstrated t h a t  t h e  use o f  t h e  method suggested f o r  reproduction of h y s t e r e s i s  

c h a r a c t e r i s t i c s  f o r  analog computer modeling of  such problems provides  new 

c a p a b i l i t i e s  f o r  increas ing  t h e  r e l i a b i l i t y  and d u r a b i l i t y  of  t h e  s i g n i f i c a n t  

p a r t s  and u n i t s  of machines and apparatus subjec ted  t o  v i b r a t i o n .  

Figure 1. 
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. __ IMPACT .--ELECTROMAGNETIC __ . .-MACHINES 

N .  P .  Ryashentsev (Novosibirsk) 

Theore t ica l  and experimental  s t u d i e s  were performed on t h e  fol lowing 

problems i n  order  t o  a i d  i n  t h e  c rea t ion  o f  e lec t romagnet ic  machines with in 

creased power c h a r a c t e r i s t i c s  : 

t ransformat ion  o f  e l e c t r i c  energy t o  magnetic energy, then  magnetic energy 

t o  mechanical work; 

power supply,  con t ro l  and p ro tec t ion  system; 

ca l cu la t ion  of  magnetic system; 

electromagnet ic  t r a n s l e n t  processes ;  

determinat ion of  optimal parameters o f  machines ; 

development of  p r i n c i p l e s  o f  t h e  cons t ruc t ion  of  automatic  con t ro l  systems 

f o r  opera t ing  processes ;  

thermal processes ,  r e l i a b i l i t y  and d u r a b i l i t y  o f  machines. 

A t  t h e  p re sen t  t i m e ,  t h e  e lectromagnet ic  system has been l i t t l e  s tud ied  

f o r  r ec ip roca t ing  engines .  The electromagnet ic  t r a n s i e n t  processes  occurr ing 

i n  the  system are descr ibed  by nonl inear  d i f f e r e n t i a l  equat ions ,  during t h e  

composition o f  which it i s  d i f f i c u l t  t o  cons ider  s a t u r a t i o n  of  a magnetic 

c i r c u i t ,  mechanical l o s ses ,  t h e  inf luence  of  eddy c u r r e n t s ,  h y s t e r e s i s  l o s ses  

and a number of  o t h e r  f a c t o r s  which s i g n i f i c a n t l y  in f luence  t h e  opera t ing  inode 

of  a machine. The effect which eddy cu r ren t s  and block drag have on t h e  opera

t i n g  process  of  a machine i s  d i f f i c u l t  t o  consider  due t o  t h e  small amount o f  

s tudy t o  which these  processes  have been sub jec t ed .  

Theore t ica l  and experimental  s t u d i e s  performed have allowed t h e  inf luence  

of  c e r t a i n  system parameters on t h e  working process  and t h e  power c h a r a c t e r i s 

t i c s  o f  an engine t o  be e s t ab l i shed .  The r e s u l t s  o f  i n v e s t i g a t i o n  were used 

i n  developing impact u n i t s  f o r  impact engines of  0 . 2 ,  0 . 4 ,  1 . 0  and 60 kg with 

an impact frequency of  1500 and 3000 p e r  min, designed f o r  impact and impact-

r o t a r y  machines. The e f f i c i e n c y  o f  t h e  impact u n i t s  developed reaches 43-45%. 

An impact u n i t  has  been t e s t e d  with an impact energy o f  200 kgm and a frequency 

o f  50-60 impacts p e r  min, designed f o r  crushing o f  odd s i z e s ;  a range of 
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impact u n i t s  opera t ing  a t  var ious energies  and impact f requencies  and 

r e c i p r o c a t i n g  engines a r e  being developed. 
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ESTIMATION . -AND NORMALIZATION OF OPERATING MODES OF VIBRATION TECHNOLOGICAL 
MACHINES-
K .  A. Olekhonovich (Pol tava)  

Estimation of t h e  dynamic mode o f  v i b r a t i o n  technologica l  machines 

( v i b r a t i n g  platforms, v i b r a t i o n  mixers, v i b r a t i n g  m i l l s ,  v i b r a t i n g  tumbling 

machines, e t c . )  i s  u s u a l l y  based on t h e  amplitude of  movement and t h e  o s c i l l a 

t i n g  frequency of t h e  working element. 

With t h i s  approach, i t  i s  d i f f i c u l t  t o  e s t a b l i s h  a d i r e c t  dependence 

between t h e  i n t e n s i t y  o f  v i b r a t i o n  and i t s  technologica l  p r o d u c t i v i t y  f o r  

machines o f  similar purpose,  b u t  us ing  d i f f e r e n t  type o f  o s c i l l a t i o n s  (c i rcu

la r  and d i r e c t e d  harmonic, vibrat ion-impact ,  v ibra t ion-shaking ,  e t c . )  

Since a f i x e d  technologica l  effect  of v i b r a t i o n  processing,  with o t h e r 

wise equivalent  condi t ions ,  i s  provided b a s i c a l l y  due t o  t h e  inf luence  of 

forces  of  i n e r t i a  ( t h e i r  magnitude, d i r e c t i o n ,  n a t u r e  of  a p p l i c a t i o n ) ,  and t h e  

a c t u a t i n g  element of a v i b r a t i o n  machine can be looked upon as a generator  of 

these  f o r c e s ,  t h e  i n t e n s i t y  of t h e  v i b r a t i o n  mode can be evaluated by t h e  work 

o f  forces  of  i n e r t i a  p e r  second, r e l a t e d  t o  each u n i t  o f  o s c i l l a t i n g  mass. 

This c r i t e r i o n  i s  c a l l e d  t h e  r e l a t i v e  power of  dynamic e f f e c t  and can be 

e s t a b l i s h e d  a n a l y t i c a l l y  for t h e  types of  v i b r a t i o n  machine l i s t e d  as  a func

t i o n  of t h e i r  design parameters and opera t ing  modes. 

Direct measurement of  t h e  c r i t e r i o n  during t h e  opera t ion  of  a v i b r a t i o n  

machine seems p o s s i b l e  using t h e  proper  apparatus .  

Since t h i s  c r i t e r i o n  reflects t h e  i n t e n s i t y  of  energy of  t h e  v i b r a t i o n  

processing mode, t h e  technological  e f f e c t i v e n e s s  of a v i b r a t i o n  machine and i t s  

d u r a b i l i t y  a r e  propor t iona l  t o  t h i s  c r i t e r i o n  and t h e  opera t ing  t ime, which 

should allow automation o f  product ion of processes  involving v i b r a t i o n ,  and 

a l s o  should allow determinat ion o f  optimal maintenance i n t e r v a l s  f o r  v i b r a t i o n  

machines. 

56 

- I  




ANALYSIS OF THE DYNAMICS OF MULTI-MASS ELASTIC SYSTEMS BY A FREQUENCY METHOD 
~~ 

S. S .  Ivanov and V .  F.  Preys (Tula) 

A grapho-analyt ic  method i s  descr ibed f o r  c a l c u l a t i o n  of  chain and branched 
multi-mass e l a s t i c  systems (MES) with regard t o  damping under s t e a d y - s t a t e  

condi t ions,  based on t h e  use of logari thmic frequency responses .  

MES are descr ibed by a system of r e l a t e d  l i n e a r  second o r d e r  d i f f e r e n t i a l  

equations f o r  which t h e  r ight-hand s i d e  c o n s i s t s  of  semi-logarithmic funct ions 

of  t i m e .  Conversion of  t h i s  system of  d i f f e r e n t i a l  equat ions allows a 

t r a n s i t i o n  t o  t h e  cons t ruc t ion  of  s t r u c t u r a l  plans f o r  MES i n  t h e  form o f  

t r a n s f e r  func t ions  o f  t y p i c a l  l i n k s  and t h e  cons t ruc t ion  of  logar i thmic  MES 

frequency c h a r a c t e r i s t i c s .  

Cumbersome c a l c u l a t i o n s  are replaced by graphic  cons t ruc t ions  performed /43 

using templates and V.  V.  Solodovnikov monograms. I n  t h i s  manner, MES with 

more than f o u r  masses 'can be ca lcu la ted  with s e v e r a l  semi-logarithmic per turb ing  

ac t ions  on t h e  system, i n  cases where a n a l y t i c  c a l c u l a t i o n s  a r e  q u i t e  cumber

some. The t a s k  o f  s y n t h e s i s  o f  a branched MES of a machine i s  s i g n i f i c a n t l y  

s i m p l i f i e d  . 
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STUDY OF REPEATED IMPACT INFLUENCE OF PRESSURE ROLLER ON MAGNETIC TAPE 
- .- ._ _ _  .. - ._ 

Ye. V .  Rozanov and Yu.-K. V .  Rozenkrants (Moscow) 

In  s t a r t - s t o p  tape  d r i v e  mechanisms, t h e  repea ted  impact e f f e c t  o f  t h e  

pressure  r o l l e r  on t h e  magnetic t a p e  causes t a p e  breakage, decreasing t h e  r e l i a 

b i l i t y  of reproduction of  information.  Theore t ica l  s t u d i e s  have shown t h a t  t h e  

breakage of magnetic t a p e  depends on t h e  f r i c t i o n  f o r c e  a r i s i n g  between t h e  

elements i n  t h e  d r i v e  system and t h e  tape  during a s t a r t .  Experimental 

s t u d i e s  have demonstrated t h e  r e l a t i o n s h i p  between t h e  decrease i n  l e v e l  of s i g 
n a l  reproduced and tape  d r i v e  mechanisms causing f r i c t i o n .  Recommendations a r e  

presented f o r  t h e  development o f  tape  d r i v e  mechanisms with repeated impact 

e f f e c t  o f  t h e  pressure  r o l l e r  a g a i n s t  t h e  magnetic t a p e .  
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d DIAGNOSIS OF STATES OF PLANETARY GEAR REDUCER 
i 

F. Ya. B a l i t s k i y  and A.  G .  Sokolova (Moscow) 

FOR CERTAIN PARAMETERS 
~ 

The problem of  a c o u s t i c a l  diagnosis  of gear  d r i v e  systems i s  s tudied  as 

appl icable  t o  an experimental  p l a n e t a r y  reducing gear  designed by t h e  authors .  

A s  parameters of  t h e  s ta te  o f  t h e  gear  system, t h e  p l a y  and loads upon 

engagement were s t u d i e d .  The s t a t i s t i c a l  c h a r a c t e r i s t i c s  of t h e  v i b r a t i o n  pro

cesses  ( i n  d i s c r e t e  form--multivariate vec tors )  o r  t h e  var ious parameters o f  

s ta te  served as p a t t e r n s  f o r  recogni t ion .  The cosine of t h e  angle between 

t h e  vec tors  determines t h e  d i s t a n c e  between p a t t e r n s .  

Tables of  co inc idents  of  t h e  parameters of  t h e  states and these  q u a n t i t i e s  

are produced, allowing diagnosis  of s t a t e s  f o r  t h e  parameters s t u d i e d .  
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~ .~..COMBUSTION ENGINESPOSSIBILITY OF TESTING. THE-TECHNICAL CONDITION- .O F. INTERNAL... .. . . . 

ON THE BASIS OF NOISE AND- VIBF~ATION'PARAMETERS~ 

V .  N .  Lukanin (Moscow) 

The equat ions desc r ib ing  t h e  fo rces  i n  a crankshaft-connect ing-rod /E 
mechanism contain no ind ica t ions  on the  impacts which can occur ,  f o r  example, 

i n  bear ing A. The f a c t  o f  an impact and t h e  subsequent ex .c i ta t ion  of  p a r t s  

can be e s t ab l i shed  by us ing  t h e  concept of t he  dynamic r eac t ion  and by i n t r o 

ducing a so -ca l l ed  massless l i n k  t o  t h e  crankshaft-connect ing rod mechanism, 

rep lac ing  the  clearance i n  t h e  bear ing  and allowing i t s  in f luence  on t h e  

forces  of t he  i n t e r a c t i o n  between bear ing elements t o  be considered.  Analysis 

of t h e  expressions f o r  dynamic r eac t ion  i n d i c a t e  t h a t  it vanishes  a t  c e r t a i n  

crankshaft  r o t a t i o n  angles ,  which i n d i c a t e s  a loss  of  power c losure ,  a 

subsequent impact i n  t h e  bear ing  and development of  v i b r a t i o n  and noise .  

The parameters of t h e  v i b r a t i n g  pu l se ,  i n  p a r t i c u l a r  t h e  maximum magnitude 

of o s c i l l a t i o n s ,  depend on t h e  c learance  i n  t h e  j o i n t ,  and can be used f o r  

d i agnos t i c  purposes.  
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POSSIBILITY OF ESTIMATING WEAR BY VIBRATION-ACOUSTICAL METHODS 

A.  A. Skuridin and G .  S .  Sabadash (Leningrad) 

Theore t ica l  and experimental  i n v e s t i g a t i o n s  a r e  performed i n t o  t h e  depen

dence of  v i b r a t i o n  of a D6 d i e s e l  and i t s  mechanical no ise  on t h e  clearance 

between t h e  p i s t o n  and cy l inder  l i n e r  of t h i s  d i e s e l .  I t  i s  demonstrated t h a t  

,,[ I-- - . .I. . 

0.5-- 0.7--- 8. +I* 

Figure 1. Change i n  Vibrat ion of  
Cast I r o n  Block of D6 Diesel  Near 
Cylinder 6 as a Function of  Change 
i n  Clearance of P is ton  a t  Nominal 
Rotat ing Speed with Nominal Fuel 
Feed P e r  Cycle (Cylinders No. 4 and 
5 Operat ing) .  Width of frequency 
band = 3%. 

t h e  v i b r a t i o n  of t h e  cast i r o n  block of 

a D6 d i e s e l  i n  t h e  2955-3045 H z  range 

(fav = 3 KHz) and i n  t h e  6895-7105 H z  

range (fav = 7 KHz) a t  nominal speed 

and nominal f u e l  feed p e r  cyc le ,  and 

a l s o  with two cyl inders  next  t o  t h e  

cy l inders  being measured disconnected, 

increases  i n  propor t ion  t o  t h e  i n c r e a s e  

i n  h o t  c learance r e s u l t i n g  from wear of  

t h e  l i n e r  face  and p i s t o n  s k i r t  (see 

f i g u r e ) .  Having a graph of t h i s  r e l a 

t i o n  L = f ( 6 )  and measuring t h e  /eecc 
v i b r a t i o n  of t h e  block of  another  D6 

d i e s e l ,  it is  p o s s i b l e  t o  determine t h e  

clearance between p i s t o n  and cy l inder  

l i n i n g ,  i . e . ,  t o  judge t h e  wear o f  

t h i s  f r i c t i o n  s l i d i n g  pan. 
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~~DIAGNOSIS OF REAR AXLE REDUCTION GEAR OF ZIL-130 MOTOR VEHICLE BY ACOUSTICAL 
METHOD 

M. P. Kocehv (Moscow) 

With t h e  u n i t  on a t e s t  s tand ,  t h e  a c o u s t i c a l  c h a r a c t e r i s t i c s  of  channels 

and opera t ing  modes were determined and t h e  inf luence  o f  o i l  v i s c o s i t y  on 

o s c i l l a t i o n  parameters was est imated.  

For t h e  primary couples of  t h e  u n i t ,  which c h a r a c t e r i z e  i t s  r e l i a b i l i t y ,  

q u a n t i t a t i v e  es t imates  are produced of t h e  r e l a t i o n s h i p s  between s t r u c t u r a l  

parameters and t h e  a c o u s t i c a l  s i g n a l .  

An es t imate  of  t h e  t e c h n i c a l  condi t ion of  t h e  reduct ion gear  d i r e c t l y  on 

t h e  vehic le ,  opera t ing  on a t e s t  s tand  with drums beneath t h e  wheels, ind ica ted  

t h a t  t h e  r e s u l t s  of t e s t  s tand  experiments w i l l  r e q u i r e  c o r r e c t i o n .  

The technological  condi t ion of a reduct ion gear  under a c t u a l  opera t ing  /46 
was determined by information contained i n  t h e  t o t a l  l e v e l  of  o s c i l l a t i o n s  

with p a r a l l e l  recording o f  o s c i l l a t i o n s  on magnetic t a p e  and by s t r u c t u r a l  

parameters produced by micrometry o f  p a r t s  o f  t h e  u n i t .  

The range o f  change of a c o u s t i c a l  s i g n a l s  c h a r a c t e r i z i n g  t h e  technica l  

condi t ion o f  t h e  primary couples i n  t h e  reduct ion gear  i s  9-14 db. 

A comparison of t h e  values  of an a c o u s t i c a l  s i g n a l  with s t r u c t u r a l  para

meters allowed tes t  i n d i c e s  f o r  diagnosis  of  t h e  reduct ion gear  t o  be 

determined. 
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\ USE OF STATISTICAL METHODS I N  THE INVESTIGATION OF VIBRATIONS AND THE DYNAMICS 
. -

OF MEC-RA~~ISMS. AND MACHINES-

S. P .  K i t r a  and K .  M .  Ragul 'skis  (Kaunas) 

S t a t i s t i c a l  methods were used t o  s tudy t h e  process  of  o s c i l l a t i o n s  i n  t h e  

tens ion  of a magnetic t a p e  as one of t h e  primary parameters of a magnetic tape  

dr ive ,  determining both t h e  frequency-amplitude modulation and o ther  s p e c i f i c  

d i s t o r t i o n s  of t h e  s i g n a l s  reproduced. 

Analysis of  t h e  estimates of t h e  c o r r e l a t i o n  func t ions  produced (Figure 1) 

of t h e  process of unevenness of tens ion  produced on t h e  b a s i s  of r e a l i z a t i o n s  

recorded a t  d i f f e r e n t  t i m e s  g ives  us reason t o  assume t h a t  t h e  process i s  not  

an ergodic  s t a b l e  process  i n  t h e  s t r i c t  d e f i n i t i o n .  
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Figure 1. 

The mutual c o r r e l a t i o n  func t ions  a t  c h a r a c t e r i s t i c  po in ts  on t h e  l i n e  /c 
charac te r ize  t h e  i n t e r r e l a t i o n s h i p  of processes  occurr ing.  The s h i f t  of t h e  

maximum ord ina te  of  t h e  mutual c o r r e l a t i o n  funct ion (Figure 2) t o  t h e  r i g h t  by 

t m along t h e  time a x i s  c h a r a c t e r i z e s  t h e  delay and t i m e  constant  of t h e  o b j e c t .  

The s e c t o r  of es t imat ion  of mutual c o r r e l a t i o n  func t ions  f a l l i n g  i n  t h e  a r e a  of 

negat ive T i s  d i s t o r t e d  due t o  t h e  presence of e x p l i c i t  or i m p l i c i t  feedback 

i n  t h e  o b j e c t .  The proper ty  of  a random s i g n a l  t h a t  i t  changes when passing 

through a l i n e a r  system i s  a b a s i s  for i d e n t i f i c a t i o n  of t h e  dynamic charac

t e r i s t i c s  of  u n i t s  of t h e  mechanism. However, determinat ion of t h e  dynamic 

c h a r a c t e r i s t i c s  of t h e  o b j e c t  by t h i s  method i s  hindered by a number o f  f a c t o r s :  

a c e r t a i n  degree of  c o r r e l a t i o n  of t h e  e f f e c t i v e  p e r t u r b a t i o n s  , t h e  presence o f  

e x p l i c i t  and i m p l i c i t  feedback, t h e  absence o f  f u l l  s t a b i l i t y ,  t h e  ex is tence  

of  c e r t a i n  n o n l i n e a r i t i e s  of s ta t i s t ica l  and dynamic c h a r a c t e r i s t i c s  , etc.  

6 3  



Figure  2. 
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OPTIMIZATION OF THE CROSS SECTION OF THE FRAMES OF A MULTISTAGE VIBRATING STAND 

A.  P. S i b r i n  (Chelyabinsk) 

Using t h e  example of  a three-s tage  v i b r a t i n g  s tand--a  gimbal support  

(Figure l), a method i s  descr ibed of determining t h e  optimal r e l a t i o n s h i p  of 

t h e  dimensions of  t h e  cross  s e c t i o n  of t h e  frames of a mul t i s tage  v i b r a t i n g  

s tand ,  allowing t h e  dimensions of t h e  c ross  s e c t i o n  t o  be determined with f ixed  

minimum n a t u r a l  o s c i l l a t i n g  frequency of t h e  frames w a t  t h e  p o i n t s  of  appl ica

t i o n  of t h e  u s e f u l  load o r  t h e  next frame s t a g e ,  with provis ion  of maximum 

r i g i d i t y  C and minimum moment of  i n e r t i a  of t h e  frame with usefu l  load I i n 

s t a l l e d  on it. 

Corresponding expressions a r e  presented for concrete  types of frame cross  

s e c t i o n ;  i n  p a r t i c u l a r ,  it is  demonstrated t h a t  t h e  optimal value o f  B ,  equal /E 
t o  t h e  r a t i o  of  t h e  width o f  t h e  cross  s e c t i o n  B t o  t h e  he ight  of t h e  frame H ,  

and t h e  value of  B a r e  unambiguously determined by t h e  n a t u r a l  o s c i l l a t i n g  

frequency of t h e  frame. 

These curves can be constructed f o r  each frame of  a s tand  with var ious  

c ross  s e c t i o n a l  forms. 

The method suggested a l s o  allows t h e  optimal form of  frame cross  sec t ions  

t o  be determined. 
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A SELF TUNING CONTROL SYSTEM FOR THE MOTION OF . .A VIBRATING STAND .iw . . . . . . . . . . . . . . . . . - .  . i _ .  .. . . . . . . .. . . - .  . . 

A. A. Koshcheyev and A .  P. S i b r i n  (Chelyabinsk) 

In  phys ica l  modeling of  complex dynamic systems, t h e  problem arises o f  

c r e a t i n g  mul t i s tage  v i b r a t i o n  s t a n d s ,  reproducing with t h e  requi red  accuracy 

t h e  per turb ing  a c t i o n s  a c t u a l l y  a c t i n g  on t h e  system being s t u d i e d .  

Using a two-stage v i b r a t i n g  s t a n d  with an electrodynamic v i b r a t o r  as an 

example, t h e  p r i n c i p l e s  involved i n  t h e  c r e a t i o n  of a c o n t r o l  system of  i t s  

motion a r e  analyzed. 

I n  order  t o  provide t h e  requi red  accuracy of reproduct ion of input  a c t i o n s ,  

cont ro l  must b e  performed i n  a closed cyc le .  As a s i m i l a r i t y  c r i t e r i o n  and, 

consequently,  method o f  provis ion  o f  feedback, t h e  s i m i l a r i t y  o f  t h e  s p e c t r a l  

d e n s i t i e s  o f  t h e  d e s i r e d  and a c t u a l  s t a n d  movements i s  s e l e c t e d .  

The l a t t e r  can be performed us ing  a s e l f - t u n i n g  system with extrema1 ad

justment of t h e  c o r r e c t i n g  c i r c u i t s  (Figure 1 ) .  

n Analysis of  t h e  motion cont ro l  /g 
system o f  t h e  v i b r a t i n g  s tand  proz-rTTHTh
duces t h e  equat ion 

-
d =  A k ,  (1)

Control r 
where i s  t h e  assigned d ispers ion  

vec tor ;  
-

T a s k  k is  t h e  v e c t o r  of  cont ro l led  

Figure 1. c o e f f i c i e n t s  ; 

A i s  t h e  q u a d r a t i c  matr ix  of  

c o e f f i c i e n t s  , depending on t h e  frequency c h a r a c t e r i s t i c s  of  t h e  f i l t e r s  and 

t h e  cont ro l  ob jec t  i n  t h e  corresponding frequency band. 

This  equation, with random values  of t h e  elements o f  mat r ix  A, can be 

solved using an i t e r a t i v e  method o f  successive approximations.  The algorithm 

f o r  s o l u t i o n  of  equat ion (1) thus becomes 
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II$
i' 

-
where Ki' K i - 1  r epresent  t h e  i - t h  and i - l t h  approximations o f  t h e  vec tor  of  t h e  

con t ro l l ed  c o e f f i c i e n t s ,  r e spec t ive ly .-
ei is  t h e  e r r o r  a t  t h e  i t h  s t e p ;  

p i s  t h e  f i rs t  norm o f  matr ix  A. 

A poss ib l e  p lan  f o r  a hardware r e a l i z a t i o n  o f  t he  algori thm (2)  f o r  one 

channel is  presented  (Figure 2 ) .  

# 

Uout 

Figure 2 .  
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COMPENSATION OF THE INFLUENCE OF AN ELECTRODYNAMIC VIBRATING STAND ON CHARAC
. .  - .TERISTICS OF MECHANICAL STRUCTUWS PRODUCED I N  VIBRATION TESTS 

L. A. Manashkin and A. M. Tikhomirov (Dnepropetrovsk) 

A method is presented  f o r  cons t ruc t ing  a compensator f o r  t h e  mutual i n 

fluence of an electrodynamic v i b r a t i n g  s t a n d  and a test  o b j e c t ,  and t h e  r e s u l t s  

a r e  presented from s t u d i e s  o f  c e r t a i n  c h a r a c t e r i s t i c s  of  t h e  compensator-stand 

system. The algori thm f o r  cons t ruc t ion  of t h e  compensator i s  independent of t h e  

t es t  objec t  and is  determined e n t i r e l y  by t h e  mathematical d e s c r i p t i o n  of t h e  

s t a n d  and measurement systems s e l e c t e d .  The compensator i s  an automatic c o n t r o l  

system with feedback. The compensator developed c o n s i s t s  of  two p a r t s :  t h e  /= 
compensator f o r  t h e  e lec t r ic  p o r t i o n  of t h e  t es t  s t a n d  with cur ren t  feedback i n  

t h e  moving c o i l  o f  t h e  v i b r a t o r  and t h e  v i b r a t o r  compensator with feedback based 

on t h e  acce lera t ion  o f  t h e  v i b r a t i n g  t a b l e .  

The compensator f o r  t h e  e l e c t r i c  p o r t i o n  of  t h e  s t a n d  s i g n i f i c a n t l y  de

creases  t h e  inf luence  of t h e  t es t  objec t  on t h e  dynamic c h a r a c t e r i s t i c s  of t h e  

e lec t r ic  por t ion  of  t h e  s tand .  In  p a r t i c u l a r ,  i f  t h e  f o r c e  developed by t h e  

v i b r a t o r  is taken as  t h e  output  q u a n t i t y ,  it can be considered t h a t  i t  i s  i n 

dependent of  t h e  o s c i l l a t i n g  frequency and t h e  tes t  o b j e c t .  

The compensator of  t h e  v i b r a t o r  s i g n i f i c a n t l y  i n c r e a s e s  t h e  inf luence  of 

t h e  t es t  s tand  on t h e  dynamic c h a r a c t e r i s t i c s  of t h e  t es t  o b j e c t .  

The compensator was produced using t h e  opera t iona l  a m p l i f i e r s  of  an EMU-8 

analog computer. 

The i n v e s t i g a t i o n  of t h e  opera t ion  of t h e  compensator was performed with 

t h e  v i b r a t i n g  s t a n d  loaded by o b j e c t s  with l i n e a r  and nonl inear  dynamic charac

te r i s t ics ,  with var ious  input  ac t ions  (monoharmonic, polyharmonic, random 

s t a b l e ,  unstable)  and with var ious noise  l e v e l s  i n  t h e  feedback channels of t h e  

compensators. 
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LOW FREQUENCY VIBRATING STAND FOR PHYSICAL MODELING OF THE MOVEMENTS OF COMPLEX 
DYNAMIC SYSTEMS 

G.  S. Chernorutskiy and A. P. S i b r i n  (Chelyabinsk) 

The p r i n c i p l e s  of  cons t ruc t ion  of  low frequency v i b r a t i n g  s tands  f o r  

physical  modeling of  t h e  motions o f  sensing elements i n  cont ro l  systems f o r  

moving o b j e c t s  a r e  s tud ied ,  including s tands  for i n v e s t i g a t i o n  of t h e  func t ions  

of t h e  v e s t i b u l a r  apparatus ,  which, a s  w e  know, is t h e  b i o l o g i c a l  r e g u l a t o r  

of t h e  p o s i t i o n ,  motion and o r i e n t a t i o n  of  man i n  space.  

Examples are presented of  t h e  s t r u c t u r e  of  v i b r a t i o n  s tand  motion cont ro l  

systems, s p e c i f i c s  of t h e i r  operation's and c e r t a i n  kinematic  diagrams. 

I t  i s  demonstrated t h a t  ana lys i s  of  t h e  cont ro l  systems of  t h e  motions of  

v i b r a t i n g  s tands  r e q u i r e s  t h a t  t h e  random n a t u r e  of t h e  parameters be con

s idered .  

Methods a r e  presented ,  allowing s y n t h e s i s  of systems c o n t r o l l i n g  t h e  

motions of a s tand  t o  be performed consider ing t h e  random nature  of t h e  para

meters.  
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OPTIMALIZING ._ -INPUT CONTROLLER OF OSCILLATING AMPLI-WDE-FOR FATIGUE TESTING 
OF PARTS-

V. I .  Yermolin and N.  Y e .  Salamatin (Kazin') 

An automatic cont ro l  system r e g u l a t i n g  t h e  o s c i l l a t i n g  amplitudes of  p a r t s  /z 
during f a t i g u e  tests on electrodynamic v i b r a t i n g  s t a n d s  with simultaneous 

t r a c k i n g  of changes i n  t h e  n a t u r a l  frequency of t h e  p a r t  be ing  t e s t e d  and t h e  

corresponding adjustment of  t h e  frequency of  t h e  e x c i t e r  u n i t  has been de

veloped. 

This system allows t h e  fol lowing p r i n c i p a l  parameters t o  be recorded during 

t h e  t e s t i n g  process:  

a) Recording of  changes i n  amplitude and frequency on s t r i p  c h a r t ;  

b) Recording o f  number of o s c i l l a t i n g  cycles  of p a r t  being t e s t e d .  

The e l e c t r i c a l  c i r c u i t  o f  t h e  device d i f f e r s  i n  p r i n c i p l e  from e x i s t i n g  

similar devices .  The system uses  e l e c t r o n i c  r e g u l a t i o n  i n  p l a c e  of e l e c t r o 

me ch an i  cal . 
The system has t h e  fol lowing t e c h n i c a l  c h a r a c t e r i s t i c s :  

1. Mater ia l  of p a r t s  tested--nonmagnetic. 

2 .  Operating frequency range--55-3000 Hz.  

3. Absolute mechanical stresses correspond t o  output  vo l tage  of  0.15-150 mv. 

4.  During t h e  t es t s ,  devia t ions  from a f i x e d  amplitude l e v e l  a r e  recorded by 

a s t r i p  char t  recorded with a reading accuracy of  a t  l e a s t  20.5% of  t h e  sta

b i l i z e d  leve l .  

5. The accuracy of maintenance of t h e  f i x e d  vol tage  l e v e l  is  a t  l e a s t  22%. 

The time requi red  t o  reach t h e  tes t  load i s  not  over 2 s e c .  

6. The type o f  sensor  used i s  a wire sensor  [ s t ra in-gage  sensor} with a re

s i s t a n c e  of  1000 ohms and an induct ion  sensor .  

I n  case of a f a i l u r e  o f  a s t r a i n - g a g e  sensor ,  t h e  system automatical ly  

goes over t o  opera t ion  by induct ion  without s topping.  

7. The permiss ib le  imbalance o f  phases o f  o s c i l l a t i o n s  i n  t h e  resonat ing  

p o r t i o n  of  t h e  p a r t  and v i b r a t o r  t a b l e  during opera t ion  of  t h e  i n s t a l l a t i o n  i s  

not  over  23%. The e r r o r  i n  recording a devia t ion  i n  frequency i s  not  over kO.5 

times t h e  n a t u r a l  i n i t i a l  frequency of  the  p a r t .  
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8. The capaci ty  of t h e  cycle  counter is  e i g h t  d i g i t s  with v i s u a l  readout of  

t h e  l a s t  f i v e  d i g i t s .  

9 .  The system disconnects  t h e  v i b r a t i n g  s t a n d  a m p l i f i e r  when an output power 

of  0 .9  Pmax i s  reached, and a l s o  i n  case of  a change i n  e x c i t e r  frequency of 

any specimen of 5-20% of t h e  i n i t i a l  e s t a b l i s h e d  frequency. 
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ANALYSIS OF MECFJANICAL SYSTEM WITH MATCHED VIBRATOR._. . . ... -

N .  A. Karpov and V. N .  Lobanov (Moscow) 

Four p lans  f o r  vibrat ion-impact  systems with two masses with one o r  two /E 
e las t ic  forces  are s t u d i e d  with matched se l f - synchroniz ing  imbalance v i b r a t o r ,  

which can be placed on t h e  upper o r  lower mass. With oppos i te ly  d i r e c t e d  

r o t a t i o n  of  t h e  imbalanced s t a t o r  and r o t o r  of t h e  v i b r a t o r ,  a co-phased s p 
chronizat ion mode i s  p o s s i b l e .  The s t a b i l i t y  of t h e  s teady  s ta te  i s  s tudied ,  

assuming f o r  t h e  angular  coordinates  r$l = T + $ , , r $ - ,  = T + q 2 ,  where $ are
1,2

slowly changing func t ions  of  time. Four systems are compared as t o  degree of  

s t a b i l i t y  of  t h e  co-phased synchronizat ion mode (with decreasing modulus of 

r o o t s  o f  t h e  c h a r a c t e r i s t i c  equat ion,  t h e  degree of s t a b i l i t y  increases) .  The 

case i s  analyzed when t h e  matched v i b r a t o r  i s  i s o l a t e d  from impacts.  
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MULTICHANNEL APPARATUS FOR DIAGNOSIS OF VIBRATING MODE OF MAIN SHIP ENGINES 

N ,  Prokhorov (Taganrog) 

For proper  s e l e c t i o n  of  t h e  opera t ing  mode, an engine opera tor  must pro

cess  a l a r g e  volume of information.  However, even an experienced opera tor ,  i n  

eva lua t ing  t h e  l e v e l  and na ture  of  v i b r a t i o n s  of  engine p a r t s ,  may not  succeed 

i n  making t h e  proper  diagnosis  o r  may make an e r r o r .  In  both cases ,  t h i s  can 

lead t o  an emergency, i n j u r y ,  e t c .  Under these  condi t ions ,  i t  i s  necessary t o  

i n c r e a s e  t h e  r e l i a b i l i t y  of conclusions concerning t h e  v i b r a t i n g  mode of 

operat ion of an engine.  This  i s  being done by t r a n s m i t t i n g  an ever  g r e a t e r  

share  o f  t h e  d i a g n o s t i c  func t ions  of t h e  opera tor  t o  instruments ,  

This r e p o r t  p resents  t h e  p r i n c i p l e s ,  c i r c u i t s  and t e c h n i c a l  d a t a  used i n  
t e s t i n g  and s i g n a l i n g  apparatus deveioped a t  t h e  "Vibropribor" Spec ia l  Des gn 
Bureau. This apparatus allows: 

a) Ind ica t ion  of t h e  cur ren t  value of v i b r a t i o n  a c c e l e r a t i o n ;  

b) Light s i g n a l i n g  when a f i x e d  l e v e l  of v i b r a t i o n  a c c e l e r a t i o n  i s  reached a t  
any one o f  24 p o i n t s ;  

c) Output of a s i g n a l  t o  an ex terna l  s i g n a l i n g  device i n d i c a t i n g  which of t h e  

24 p o i n t s  has seen a change i n  v i b r a t i o n  l e v e l .  

Information on v i b r a t i o n  of  engine p a r t s  produced from t h e  apparatus  /E 
allows t h e  opera tor  t o  eva lua te  t h e  opera t ing  mode of  t h e  engine and make a 

proper dec is ion .  

In  t h e  new apparatus suggested,  t h e  information produced i s  converted t o  

a form convenient f o r  processing by var ious recording and analyzing instruments  , 
and a l s o  f o r  processing by computer. 

The apparatus developed, toge ther  with t h e  instruments ,  informing t h e  

opera tor  concerning o ther  engine opera t ing  parameters , can be included i n  any 

combination of automatic o r  semiautomatic engine control  devices o r  devices  

f o r  c o n t r o l l i n g  any o t h e r  machine. 
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PROBLEMS OF THE DYNAMICS AND STABILITY OF A CYLINDRICAL SOLID ON AN AEROSTATIC 
. .  .

SUPPORT 

L .  A. Bushma (Kaunas) 

The suspension o f  a c y l i n d r i c a l  body on an a e r o s t a t i c  support  i s  analyzed. 

For t h i s  purpose,  a diagram of  a power supply i s  developed, and t h r e e  t e s t  

s t ands  are cons t ruc ted  and evaluated.  The f irst  s t a n d  has  t h e  h ighes t  f re

quency o f  free v e r t i c a l  o s c i l l a t i o n s  (over 10 Hz), t h e  second has  a lower fre

quency o f  v e r t i c a l  o s c i l l a t i o n s ,  and t h e  t h i r d  has a v a r i a b l e  r e sona to r  t o  

suppress  weak s e l f - o s c i l l a t i o n s  as they arise.  

The work conta ins  t h e  r e s u l t s  of  a s tudy  of t h e  dependence o f  t h e  he ight  

of  f l o a t i n g  on load a t  var ious  p re s su res ,  determines t h e  r i g i d i t y  o f  an aero

s t a t i c  suppor t ,  i t s  dependence on load and p res su re .  I t  i s  a l s o  determined 

t h a t  a e r o s t a t i c  e l a s t i c  couplings a r e  nonl inear  i n  n a t u r e  and t h e i r  e l a s t i c i t y  

has  a r i g i d  r e s t o r a t i v e  fo rce .  Free and forced  o s c i l l a t i o n s  and t h e  in f luence  

of i nd iv idua l  parameters on t h e  opera t ion  o f  t he  system are determined. The 

system i s  s t u d i e d  with asymmetrical load .  The t h e o r e t i c a l  s tudy  o f  t h e  be

havior  o f  t h i s  system i s  performed using c losed  and open a e r o s t a t i c  suppor t .  

The d i f f e r e n t i a l  equat ions  of  motion are composed, and a n a l y t i c  dependence i s  

Osc i l lo presented between p res su re  and t h e  volume of t h e  l u b r i c a t i n g  l a y e r .  /? 
grams o f  t h e  var ious  motions of  t h e  system a r e  presented .  

using analog computers were performed. 

Inves t iga t ions  
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STUDY OF VIBRATIONS OF A MAGNETIC DRUM WITH PNEUMATIC DRIVE AND PNEUMATIC~~ 

SUSPENSION 

Yu. Yu. Getsevichyus, K .  M .  Ragul’skis and B .  -Yu. B.  Yanchyukas (Kaunas) 

A model of a magnetic drum having high v i b r a t i o n  resistance and compact

ness as well  as very low l e v e l  of o s c i l l a t i o n s  is  s t u d i e d .  The drum i t s e l f  

c o n s i s t s  of a t h i n  r i n g  mounted on a nonmoving p i n  with a c learance of a few 

t e n t h s  of a micron, r o t a t i n g  on r a d i a l  a i r  and journa l  bear ings with ex terna l  

forced a i r  and successive feed .  The a i r  streams of  t h e  bear ing i t s e l f  are used 

as t h e  d r i v e  t o  apply torque t o  t h e  drum. 

There has been developed a method f o r  t h e  p r e c i s e  measurement of o s c i l l a t i o n s  

of t h e  magnetic drum by c o n t a c t l e s s  sensors ,  as well as a method f o r  measurement 

of t h e  s t a t i c  r i g i d i t y ,  p u l s a t i o n s  of a i r  i n  t h e  hollow p i n ,  torque a c t i n g  on 

t h e  magnetic drum and angular  o s c i l l a t i o n s  of t h e  drum. 

The experimental d a t a  a r e  processed by mathematical s t a t i s t i c s  using 

d i g i t a l  computers. The s p e c t r a l  d e n s i t i e s  and c o r r e l a t i o n  funct ions of drum 

o s c i l l a t i o n s  a r e  produced as a func t ion  of e x t e r n a l  blowing pressure ,  mass and 

diameter,  loca t ion  and angle  of i n c l i n a t i o n  of t h e  a i r  supply a p e r t u r e s .  The 

inf luence of  t h e  macro c h a r a c t e r i s t i c s  of t h e  e x t e r n a l  sur face  of t h e  p i n ,  and 

a l s o  of t h e  i n t e r n a l  and e x t e r n a l  s u r f a c e s  of t h e  drum i t s e l f  and i t s  

o s c i l l a t i o n s ,  i s  determined. 

O s c i l l a t i o n s  of a magnetic drum with pneumatic d r i v e  and pneumatic suspension 

and o s c i l l a t i o n  o f  magnetic drums of s i m i l a r  s i z e  b u t  r o t a t i n g  on p r e c i s i o n  

b a l l  bear ings by an e l e c t r i c  motor a r e  comparatively analyzed. 
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VIBRATION DAMPING OF BEARING UNITS 

A.  F. Koz'yakov and Y e .  Y a .  Yudin (Moscow) 

I n  o r d e r  t o  reduce t h e  o s c i l l a t i o n s ,  i t  i s  suggested t h a t  bushings be i n - /= 
s t a l l e d  between t h e  body o f  a woodworking l a t h e  and t h e  e x t e r n a l  r i n g  of  t h e  

bear ings o f  t h e  c u t t i n g  t o o l  ( i n  p a r t i c u l a r  a c u t t i n g  s h a f t ) .  

I n  o r d e r  t o  determine t h e  optimal form and material o f  t h e  bushings,  a 
number of  s p e c i a l  experiments were performed. F i r s t  o f  a l l ,  t h e  t a s k  was set  

of determining t h e  mechanism of  a t t e n u a t i o n  of  o s c i l l a t i o n s  during placement of  

t h e  bushings.  Bushings 10 mm t h i c k  were t e s t e d ,  made o f  bronze,  aluminum, 

t e x t o l i t e  and capron. The f i rs t  two m a t e r i a l s  have high values  of  t h e  r e a c t i v e  

p o r t i o n  of t h e  impedance, i . e . ,  a c t  l i k e  ordinary i n s e r t s .  Capron and tex to

l i t e  have high i n t e r n a l  f r i c t i o n  f a c t o r s  and consequently s i g n i f i c a n t l y  a c t i v e  

impedances, so  t h a t  they  absorb o s c i l l a t i o n s  i n t e n s i v e l y .  The experiments 

performed showed t h a t  t h e  use of  bronze i n  aluminum bushings does not  r e s u l t  

i n  any reduct ion i n  v i b r a t i o n  l e v e l  and r e l a t e d  noise  of  s p i n d l e  u n i t s  of wood

working machines. However, t e x t o l i t e ,  and p a r t i c u l a r l y  capron bushings re

s u l t  i n  a s i g n i f i c a n t  reduct ion i n  v i b r a t i o n  l e v e l  o f  t h e  system made up o f  t h e  

t o o l  and workpiece, which i s  g r e a t l y  important i f  w e  r e c a l l  t h a t  most woodwork

ing  machines are hand fed.  

Measurements were performed using a rough p l a n e r  type SF4-4 opera t ing  a t  

n = 3000 rpm both i n  opera t ion  and when i d l i n g .  

e 
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Figure 1. Noise Spec t ra  o f  quency of  t h e  c u t t i n g  s h a f t .  

Spindle  Units With Vibrat ion- 

Damping Bushings. 1, No bus- I t  was e s t a b l i s h e d  i n  these  ex
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t h e  number o f  t h e  l i n e s .  s e a t i n g .  Thus, when a hot  o r  p r e s s  
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fit of t h e  bushing on t h e  o u t e r  bear ing  r i n g  was used, t h e  noise  reduct ion 

decreases sharp ly .  A similar phenomenon was observed with a t r a n s i t i o n  f i t  

and p a r t i c u l a r l y  with a clearance f i t .  

100 

,-Ial
>
al 

4 

a 

mm 


Figure 2 .  Noise Level of SF4-4 
Machine as  a Function o f  Vibra
t i o n  Damping Bushing Thickness. 

The r e s u l t s  produced can b e  ex

p la ined  e a s i l y  i f  we consider  t h a t  t h e  

a t tenuat ion  of  o s c i l l a t i o n s  i n  bear ing 

u n i t s  with v i b r a t i o n  dampers occurs due 

t o  deformation of  t h e  bushing m a t e r i a l  

i n  th ickness .  When f i t s  are used with 

considerable  i n t e r f e r e n c e ,  t h e  capa

b i l i t y  of capron f o r  t h i s  type of  de

formation drops sharp ly .  For t h i s  rea

son, no ise  reduct ion i s  p r a c t i c a l l y  zero.  With f i t s  c l o s e r  t o  c learance f i t s ,  

t h e  contact  between t h e  o u t e r  r i n g  of t h e  bear ing and t h e  bushing i s  decreased, 

while with clearance f i t s  it becomes minimal. The presence of  t h e  c l e a r i n g  

causes i n t e n s i v e  mechanical no ise .  The s i g n i f i c a n c e  of t h e  s e a t i n g  of t h e  

bushing as t o  i t s  e x t e r n a l  diameter i s  l e s s  s i g n i f i c a n t  when t h e  th ickness  of 

t h e  bushing (capron) i s  changed. Analysis of t h e  graph i n d i c a t e s  t h a t  t h e  op

t imal  bushing th ickness  i s  10-15 mm. 

Thus, with proper  s e l e c t i o n  of  m a t e r i a l ,  geometry and type of f i t  of t h e  

bushing around t h e  o u t e r  bear ing  r i n g ,  vibration-damping bushings can pro

vide a s i g n i f i c a n t  reduct ion i n  noise  l e v e l .  

I t  must be noted h e r e  t h a t  t h i s  can be done using p r a c t i c a l l y  any wood

working o r  metalworking t o o l .  
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VIBRATIONS WITH RANDOM AMPLITUDES AND FREQUENCIESINVESTIGATION OF. .~ - = ~ .  . .  

G .  I .  Anikeyev (Moscow) 

An analys is  is presented  of  t h e  parameters of  a random process  a t  t h e  

output  of  t h e  system charac te r ized  by i t s  frequency response as func t ion  of 

t h e  parameters of t h e  input  process  and t h e  frequency response of t h e  system. 

The c h a r a c t e r i s t i c s  of t h e  random process a t  t h e  output  of t h e  measuring 

system are used t o  determine t h e  parameters of t h e  process  a t  i t s  input .  Four 

equat ions are produced, from which t h e  mathematical expec ta t ion  and var iance 

of t h e  amplitude and phase of  t h e  process  a t  t h e  input  a r e  determined. As an 

example, r e s u l t s  are presented from t h e  i n v e s t i g a t i o n  of  p u l s a t i o n s  of pressure  

i n  t h e  flow-through p o r t i o n  of a powerful hydraul ic  t u r b i n e .  
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SOME SPECIFICS OF THE INTERACTION OF DYNAMIC SYSTEMS WITH DISTRIBUTED AND-
LUMPED PARAMETERS 
L.  V .  Goykhman and V .  S.  Naumenko (Moscow) 

The i n t e r a c t i o n  of a system with lumped parameters ( r a i l r o a d  t r a i n )  

and a system with randomly d i s t r i b u t e d  parameters ( r a i l r o a d  t r a c k )  is  s t u d i e d .  

I t  i s  demonstrated t h a t  t h e  system with randomly d i s t r i b u t e d  parameters,  

as a r e s u l t  of n o n l i n e a r i t y  of e las t ic  and damping c h a r a c t e r i s t i c s ,  i s  a set  
of  o s c i l l a t o r s  with uns tab le  f requencies .  

The p o s s i b i l i t y  of formation of  t r a v e l i n g  waves i n  a d i s c r e t e l y  a n i s o t r o p i c  

medium i s  s t u d i e d .  . 
The presence of wave processes  i n  t h e  t r a c k  i s  de tec ted  and a model of 

formation of t r a v e l i n g  and s tanding  waves i s  suggested.  The ra i l s  and t i e s  

must be looked upon i n  t h i s  case as  a b a s i c  wave guide.  

The p o s s i b i l i t y  i s  s t u d i e d  o f  convert ing t h e  system with d i s t r i b u t e d  

parameters t o  a system o f  lumped parameters.  The lumped parameters s e l e c t e d  

a r e  t h e  mean o r  maximum parameters of t h e  t rack  (depending on t h e  d i s t r i b u 

t i o n  law). 

Then, a s i n g l e  t r a c k - t r a i n  system i s  s t u d i e d .  The n a t u r a l  coupled f r e 

quencies of t h i s  system w i l l  be  random. 

A method i s  suggested allowing t h e  instantaneous values  of parameters i n  /E 
t h e  system without o s c i l l a t i o n  t o  be determined. The number of independent 

parameters determined i n  each of t h e  cross  s e c t i o n s  of t h e  t r a c k  i s  equal t o  

t h e  number of degrees of  freedom. The essence o f  t h e  method c o n s i s t s  i n  

feeding a per turba t ion  o f  t h e  "white noise" type t o  one o f  t h e  elements of t h e  

system i n  a predetermined frequency band, with a simultaneous Fourier  t r a n s 

form of t h e  s i g n a l  a t  t h e  output  of any element. The spectrum produced is  

a s i g n a l  of t h e  frequency c h a r a c t e r i s t i c  of t h e  system and consequently w i l l  

have maxima a t  t h e  n a t u r a l  o s c i l l a t i n g  f requencies .  Expanding t h e  frequency de

terminant o f  t h e  system, w e  produce n a l g e b r a i c  equat ions of  order  2n f o r  t h e  

frequency with n unknown parameters i n  each cross  s e c t i o n .  The number of  c ross  

s e c t i o n s  is  determined consider ing t h e  l e a s t  o s c i l l a t i n g  frequency of t h e  para
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meters ,  while t h e  d i s t ance  between cross  s e c t i o n s  i s  determined using t h e  

Nyquist method. 

For t h e  masses, n a t u r a l  o s c i l l a t i n g  frequency and r i g i d i t y  parameters de

termined, t h e  d i s t r i b u t i o n  and t h e i r  numerical c h a r a c t e r i s t i c s  a r e  determined, 

and c o r r e l a t i o n  and s p e c t r a l  ana lys i s  a r e  performed. Using t h e  equat ions of 

motion of t h e  system and t h e  expressions f o r  unknown parameters produced, i t  

is  easy t o  go over t o  determinat ion of the  s t a t i s t i c a l l y  averaged a t t enua t ion  

c o e f f i c i e n t s  of t h e  system. 
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A SET OF APPARATUS FOR MEASUREMENT OF OSCILLATIONS OF A MOVING TAPE 

A. A, Alekna, P .  A .  Varanauskas, Z .  F .  Dontsu, V.  T.  Kolishchuk, K .  M.  Ragull
s k i s ,  M.  P .  Sukharev, Y e .  N .  Travnikov, A. V .  Chepulkauskas (Kaunas) 

This work p resen t s  a t h e o r e t i c a l  foundation , p l u s  planning and experimental  

d a t a  f o r  a set  o f  apparatus  f o r  measurement o f  t h e  t r ansve r se  o s c i l l a t i o n s  o f  a 

moving magnetic t ape  with uneven edges. The complex of  equipment was developed 

a t  the  labora tory  of  v i b r a t i o n  s t u d i e s  of  Kaunas Polytechnical  I n s t i t u t e .  

A number o f  works have been publ ished i n  the  domestic and fore ign  tech

n ica l  and pa ten t  l i t e r a t u r e  on t h e  measurement o f  t r ansve r se  o s c i l l a t i o n s  o f  a 

moving magnetic t ape  i n  a t ape  d r ive  mechanism. Some works claim complete 

e l imina t ion  o f  e r r o r  r e s u l t i n g  from uneven edges o f  an unevenly moving tape  

during measurement of t r ansve r se  o s c i l l a t i o n s  by a con tac t l e s s  method using 

sensing elements and an opt ical-mechanical  system. I t  has  been proved at  t h e  

v i b r a t i o n  s t u d i e s  l abora to ry  r e c e n t l y  t h a t  t hese  e r r o r s  cannot be  com

p l e t e l y  e l imina ted ,  r ega rd le s s  of  t h e  number of s t a t i o n a r y  sensors  used.  In

creas ing  the  number of sensors  decreases  t h e  inf luence  of unevenness of  tape  

edges on tape  movement measurement. Other methods have been sought , reducing 

t h e  e r r o r  on the  b a s i s  of  t h e  condi t ions o f  compactness of ind iv idua l  devices 

i n  the  set  o f  apparatus .  Unevennesses with long r e p e t i t i o n  per iod ,  r e s u l t i n g  

from technologica l  d i s t o r t i o n s  of  t h e  t ape  during c u t t i n g ,  a r e  random i n  na tu re ,  

although they a r e  nea r  s inuso ida l .  Two Sensors can be used, placed a t  a 

s epa ra t ion  d i s t ance  o f  one fou r th  t h e  measured wave l eng th .  During motion , 
one sensor  i s  uncovered, while  t h e  o t h e r  i s  covered and t h e  sum o f  the  d i s 

t o r t i o n s  produced w i l l  be  l e s s  than the  d i s t o r t i o n s  from a s i n g l e  sensor .  

I t  i s  e s t ab l i shed  t h a t  i f  t h e  wave length has  cons iderable  devia t ion  from t h e  

nominal (about 25%), t h e  inaccurac ies  i n  measurement r e s u l t i n g  from unevenness 

of t ape  edge w i l l  be over  30%. A s imilar  phenomenon i s  produced from a lack 

of  correspondence between the  d i s t ance  between sensors  and wave length .  With 

complete correspondence o f  t hese  q u a n t i t i e s  ,e r r o r s  s t i l l  r e s u l t ,  s i n c e  one 

sensor  i s  uncovered wi th  a delay o f  a q u a r t e r  pe r iod  of t h e  wave being s tud ied .  

This  i s  e l imina ted  as t h e  d i s t ance  between sensors  i s  equal  t o  one h a l f  wave 

length .  A s  a r e s u l t ,  p r e c i s e  s e l e c t i o n  o f  d i s t ance  us ing  t h i s  method of 

measurement decreases  t h e  e r r o r s .  

81 



STUDY OF VIBRATION OF ROTATING DISKS WITH MAGNETIC COATINGS~.~ - . .  . . .  _ _ _ _ . _ . . . . j . _ _ i . . . _ . _  _ _ _ _ . .  

Yu. Yu. Getsevichyus, I . - M .  P .  Pakaushi te ,  K .  M. Ragul ' sk is  (Kaunas) 

Magnetic d i sks  are used i n  d i s k  memory devices  (DMD). DMD have high 

capac i ty ,  approaching t h a t  o f  magnetic t ape  s t o r a g e  u n i t s ,  and r ap id  s e l e c t i o n  

o f  t h e  information requi red ,  comparable with t h a t  o f  drum memory u n i t s .  These 

s i g n i f i c a n t  advantages o f  DMD have r e s u l t e d  i n  t h e i r  wide and ever  i nc reas ing  

app l i ca t ion  i n  modern computers and f o r  a number of  s p e c i a l  purposes .  

In  magnetic s to rage ,  one of t h e  s i g n i f i c a n t  problems i n  determining i t s  

q u a l i t y  i s  the  problem o f  providing a constant  ope ra t ing  c learance  between t h e  

information c a r r i e r  and the  magnetic head i n  case o f  c o n t a c t l e s s  recording and 

t h e  provis ion  of  good q u a l i t y  contact  between t h e  information c a r r i e r  and head 

i n  case o f  contac t  magnetic recording.  A cons tan t  working c learance  o r  good 

q u a l i t y  contact  between c a r r i e r  and head can be provided by c o n t r o l l i n g  t r a n s 

verse  o s c i l l a t i o n s  of  t h e  r o t a t i n g  d isk  and t h e  dynamic c h a r a c t e r i s t i c s  of t h e  

head suspension system. 

Methods of  s t a t i s t i c a l  dynamics, p a r t i c u l a r l y  c o r r e l a t i o n  methods based on 

t h e  s tudy o f  t h e  r e l a t i o n s h i p  between c e r t a i n  c h a r a c t e r i s t i c s  o f  input  and ou t 

pu t  processes  a r e  used t o  s tudy the  t r ansve r se  o s c i l l a t i o n s  of a t h i n  r o t a t i n g  

d isk  o f  constant  th ickness ,  s i n c e  t h e  behavior  o f  t h e  d isk  depends on a number 

of  random f a c t o r s .  These inc lude  t h e  geometric and phys ica l  parameters of  t h e  

d isk  i t s e l f :  random dev ia t ions  from i d e a l  geometric form, v a r i a t i o n  i n  boundary 

condi t ions ,  f l u c t u a t i o n s  i n  e l a s t i c  and s t r e n g t h  c h a r a c t e r i s t i c s  of  t he  material, 

e t c .  The t r ansve r se  o s c i l l a t i o n s  o f  a t h i n  r o t a t i n g  d isk  were looked upon as 

a random s t a b l e  process ,  s a t i s f y i n g  the  e rgodic  hypothes is .  The r e a l i z a t i o n s  

of  t h e  process  were produced experimental ly  us ing  contac t  less capac i t i ve  sensors  

with t h e  corresponding amplifying apparatus .  Inves t iga t ion  of  t r ansve r se  os 
c i l l a t i o n s  o f  a r o t a t i n g  d isk  with magnetic coa t ing  were performed using two 

p lans .  According t o  t h e  first p lan ,  t h e  o s c i l l a t i o n s  o f  t h e  d isk  were r e 

ceived by con tac t l e s s  s enso r s ,  t h e  s i g n a l s  from which en te red  t h e  amplifying 

apparatus  and were f u r t h e r  f ed  t o  t h e  recording appara tus .  The recorded os

c i l l a t i o n s  o f  t h e  d i s k s ,  i n  t h e  form of  curves ,  were converted t o  d i s c r e t e  form 

and t r ansmi t t ed  t o  a computer f o r  s t a t i s t i c a l  p rocess ing .  I t  was found t h a t  

/= 
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t h i s  p l a n  of  i n v e s t i g a t i o n  of  o s c i l l a t i o n s  i s  q u i t e  i n e f f e c t i v e .  I t  is cum

bersome and inaccura te ,  s i n c e  t h e  o s c i l l a t i o n s  of such a p r e c i s i o n  device as 
a DMD are recorded by an i n a c c u r a t e  method, which i s  t r u e  of osc i l lographs  

used f o r  t h e  recording of  dynamic processes .  I n  these  osc i l lographs ,  t h e  d r i v e  

o f  t h e  tape  on which t h e  process  i s  recorded i s  n o t  h ighly  even. S i g n i f i c a n t  

e r r o r s  a r e  a l s o  introduced during t h e  process  o f  conversion of t h e  curves of 

os c i  11a t  ions  t o  d i s c r e t e  form. 

I t  i s  considerably more e f f e c t i v e  t o  u t i l i z e  another  method of i n v e s t i g a 

t i o n  of  d i s k  o s c i l l a t i o n s ,  as we have. The analog s i g n a l  from t h e  ampl i f ie r  

apparatus i s  s e n t  t o  a s p e c i a l  conver te r  used with t h e  Minsk-22 computer. 

The e i g h t  channel converter ,  t h e  speed of  one channel o f  which s l i g h t l y  ex

ceeds t h e  speed of t h e  main memory of t h e  computer, records t h e  i n d i c a t i o n s  of 

t h e  sensors  a t  evenly spaced t i m e  i n t e r v a l s  and t ransmi ts  them t o  t h e  computer 

memory i n  t h e  form of  d i s c r e t e  p u l s e s .  This p lan  was used t o  c a l c u l a t e  es
t imates  of p r o b a b i l i t y  c h a r a c t e r i s t i c s  ( c o r r e l a t i o n  funct ions , s p e c t r a l  den

s i t i es ,  histograms of amplitudes of t r a n s v e r s e  osci.1lation.s) of  t h e  disk-hub

clamp system and disk-contact  head r e t a i n e r  system, as w e l l  as t h e  dynamic 

c h a r a c t e r i s t i c s  i n  t h e  form of  es t imates  of t h e  t r a n s f e r  func t ions  and f r e 

quency c h a r a c t e r i s t i c s .  The r e l a t i o n s h i p  of  d i sk  o s c i l l a t i o n s  t o  i t s  macro 

c h a r a c t e r i s t i c  s u r f a c e  i s  a l s o  determined, t h e  propagation of  t h e  l e v e l  of 

o s c i l l a t i o n s  along t h e  rad ius  of  t h e  d isk  i s  e s t a b l i s h e d ,  and t h e  p r i n c i p a l  

f a c t o r s  causing d i s k  o s c i l l a t i o n s  a r e  determined. 

One s a t i s f a c t o r y  method i s  t h e  method of  recording o s c i l l a t i o n s  on mag

n e t i c  tape  using high-precis ion t a p e  d r i v e  mechanisms , followed by conversion 

and input  of d a t a  on t h e  process  t o  computer memory. This method of input  of 

experimental d a t a  t o  computer memory allows e l imina t ing  a number of  mechanical 
l i n k s ,  t h e  unevenness and delay i n  motion of which in t roduce  s i g n i f i c a n t  e r r o r s .  
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~~ . . . . . . . . ... . . PROPERTIES .OF.. . .SOME PROBLEMS OF PRACTICAL ANALYSIS OF .VIBRATION-ACOUSTICAL..-. . . . . CEN
TRIFUGAL PUMPS 

D. V. Grokhovskiy and V. M. Rogachev (Leningrad) 

The d i f f i c u l t y  of t h e  problem of determining t h e  causes of increased  

s t r u c t u r a l  no i se  l e v e l  i n  pumps i n  var ious frequency ranges r e s u l t s  from t h e  

con t inu i ty  of t h e  frequency spectrum of v i b r a t i o n s  and the  dua l  na tu re  of t he  

information included i n  t h e  spectrograms. The v a r i e t y  of f a c t o r s  in f luenc ing  

t h e  v ib ra t ion -acous t i ca l  c h a r a c t e r i s t i c s  of t h e  pump and t h e  absence o r  i n  many 

cases t h e  imposs ib i l i t y  of  e s t a b l i s h i n g  t h e  func t iona l  r e l a t i o n s h i p  between 

parameters of  t h e  o s c i l l a t i n g  process  and t h e  design of t he  machine do not  

allow a theory of  v ib ra t ion -acous t i ca l  d iagnos is  of pumps t o  be cons t ruc ted  a t  

t h e  present  t i m e .  

Works a r e  descr ibed ,  performed during v ib ra t ion -acous t i ca l  d iagnos is  o f  one 

pump, and c a l c u l a t i o n  and experimental  r e s u l t s  are presented ,  i n  which the  

phys ica l  na ture  of t h e  per turb ing  forces  i n  var ious  po r t ions  of t h e  frequency 

range a r e  s tud ied ,  t h e  s p e c i f i c s  of t he  design and i t s  dynamic modeling i n  

these  frequency subranges a r e  presented ,  and the  s ta tement  of expedient ex

periments i s  analyzed. 
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DETERMINATION OF PRIMARY SOURCES OF NOISE I N  MACHINES BY CORRELATION METHODS 

G. A. Leont'yev and P.  M. Shul 'ga (Volgograd) 

A c o r r e l a t i o n  method i s  used t o  determine the  n o i s i e s t  machine i n  one shop 

of an oxygen p l a n t  and r evea l  t h e  i n t e r r e l a t i o n s h i p s  of  noises  c rea ted  by t h e  

machine and v ib ra t ions  of i t s  ind iv idua l  u n i t s  and p a r t s .  Autocorrelat ion and 

mutual c o r r e l a t i o n  func t ions  of  the  v i b r a t i o n s  of ind iv idua l  u n i t s  and t h e  

noise  of a s i l k  sp inning  machine were produced experimental ly .  The autocorre

l a t i o n  func t ions  of  t h e  v i b r a t i o n s  of t h e  sp ind le ,  guide r o l l e r  and reducing 

gear  body were used t o  c a l c u l a t e  t h e  s p e c t r a l  d e n s i t i e s .  Analysis of mutual 

c o r r e l a t i o n  func t ions  of v i b r a t i o n  and no i se  allowed the  n o i s i e s t  u n i t  of t he  

machine t o  be ind ica t ed .  

The au tocor re l a t ion  and mutual c o r r e l a t i o n  func t ions  were produced us ing  

a common apparatus:  a no ise  meter,  v i b r a t i o n  measuring i n s t a l l a t i o n  and dua l -

beam e l e c t r o n i c  osc i l l o scope  with a photographic attachment.  The osci l lograms 

o f  t h e  processes  being s tud ied  were tabula ted  and fed i n t o  t h e  Nai r i  d i g i t a l  

computer f o r  ca l cu la t ion  o f  s t a t i s t i c a l  c h a r a c t e r i s t i c s .  
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- . . . .STUDY OF OPTICAL DYNAMIC MODELS OF FLEXIBLE. .ROTOR SYSTEMS THE LP-SEARCH.~ . . . - . . -~. .. . . -.. . . .BY. .. . . . . - . . . . - . 

METHODS 

M. F .  Zeytman and R.  B .  Sta tn ikov  (Moscow) 

Cybernetic diagnosis  o f  dynamic models o f  r o t o r s  i s  based on t h e  new LP

search method, which determines optimal vers ions  of  models i n  t h e  space of 

v a r i a b l e  parameters.  I n v e s t i g a t i o n  o f  m u l t i v a r i a t e  dependences i s  based on 

t h e  use o f  t h e  Haar func t ion .  

I t  i s  suggested t h a t  p o i n t s  Q1, ...,% o f  an LP
T

-sequence, ca lcu la ted  on t h e  

b a s i s  of t h e  guiding p o i n t s  V 1' . .V s ... b e  used as pseudorandom p o i n t s  i n  an 

n-dimensional cube. The P networks guarantee optimal o r d e r  of convergence i n  
'I 

t h e  space of  parameters of  t h e  func t ions .  Calcu la t ion  of  t h e s e  p o i n t s  i s  based 

only on l o g i c a l  opera t ions ,  and t h e i r  c a l c u l a t i o n  by computer i s  q u i t e  simple.  

In  t h i s  work, LP-search was used t o  s tudy f l e x u r a l  o s c i l l a t i o n s  of a f l e x i b l e  

v e r t i c a l  r o t o r ,  o s c i l l a t i n g  i n  t h e  f i e l d  o f  t h e  f o r c e  of  g r a v i t y .  Free and 

forced o s c i l l a t i o n s  of t h e  r o t o r  a r e  s t u d i e d  and optimal va lues  of  parameters 

s a t i s f y i n g  t h e  e s t a b l i s h e d  q u a l i t y  c r i t e r i a  a r e  sought.  
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~ ~ . _  ~~... .. . . .. . . . . .. . . . . . . ..

0. K .  Postnikov (Moscow) 

The complexity of  t h e  kinematics of dupl ica t ing  machines makes s e p a r a t i o n  

of no ise  sources d i f f i c u l t .  

This problem can be solved during dupl ica t ing  product ion by non-separated 

search and determination o f  sources .  

A method i s  suggested f o r  machine i n v e s t i g a t i o n  of d u p l i c a t i n g  machines 

f o r  no ise  with automatic recogni t ion  of  s i g n a l s  produced. I n  c r e a t i n g  t h e  

method, t h e  s p e c i f i c s  of dupl ica t ing  machines, inc luding  t h e i r  high kinematic 

complexity and r i g i d l y  programmed opera t ing  cycle  , were taken i n t o  considera

t i o n .  

Methods developed allow information t o  be e x t r a c t e d  from a r e a l i z a t i o n  

X(t) not  only concerning t h e  noise  l e v e l  of  any given mechanism, but  a l s o  

allowing est imat ion of  t h e  q u a l i t y  of manufacture and i n s t a l l a t i o n  of i n d i v i 

dual p a r t s  and u n i t s  of t h e  machine. When t h e  proper s t a t i s t i c s  are s e l e c t e d  

and p a r t i c u l a r  i n v e s t i g a t i o n s  a r e  performed, t h i s  method can be promising f o r  

use i n  diagnosis  as  well .  

During prepara t ion  of  a problem f o r  computer s o l u t i o n ,  t h e  r e a l i z a t i o n  of  

t h e  s i g n a l  X(t)  must be performed i n  advance with p r e c i s e  determination o f  t h e  

r o t a t i n g  speed of  t h e  main s h a f t .  The use of p o s i t i o n  o r  angle markers of t h e  

mechanisms being s tudied  i s  o b l i g a t o r y .  Preparat ion of t h e  problem a l s o  i n 
cludes composition of a d a t a  block of kinematic dependences of a l l  mechanisms 

of t h e  machine, and where pulse  noises  a r e  p r e s e n t ,  genera l ized  dynamic 

c a l c u l a t i o n s  as  wel l .  (The algori thm f o r  composition of t h e  d a t a  block and 

c a l c u l a t i o n  of dynamic parameters required f o r  i n v e s t i g a t i o n  allows automation 

of t h i s  c a l c u l a t i o n ) .  

The dura t ion  of  recording of  r e a l i z a t i o n  X(t) and t h e  frequency o f  t h e  

re ference  s i g n a l  are determined by t h e  researcher  on t h e  b a s i s  of r u l e s  which 

a r e  developed. 
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An analog t o  d i g i t a l  converter  i s  used t o  t ransmi t  t h e  information t o  a /64 
d i g i t a l  computer. The opera t ing  mode of  t h e  conver te r  i s  normalized by t h e  

recommendations used f o r  t h e  i n v e s t i g a t i o n .  

Using an algorithm which i s  developed, af ter  t h e  necessary information 

has been fed  i n t o  t h e  computer, t h e  experimental  d a t a  a r e  processed i n  t h e  

machine. 

If t h e  mechanisms o f  t h e  machine being s t u d i e d  have frequencies  which are 

i d e n t i c a l  o r  mul t ip les  of each o t h e r ,  s e v e r a l  o s c i l l a t i o n  sensors  must b e  used. 

Af te r  t h e  "useful" p e r i o d i c  s i g n a l s  and p u l s e  components have been separa

t e d ,  t h e  "random" p e r i o d i c  components are analyzed f o r  purposes of recogni t ion .  

An experimental  check o f  t h e  method performed using t h e  POL-6 two-color 

o f f s e t  machine , gave p o s i t i v e  r e s u l t s .  
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STATISTICAL STUDIES OF RANDOM VIBRATIONS OF A RAILROAD CAR BODY 

G .  M. Frolov (Moscow) 

1. I n  order  t o  es t imate  t h e  dynamic q u a l i t i e s  of moving elements, t h e  os

c i l l a t i o n s  of  var ious  elements and s t r u c t u r e s  o f  cars operat ing under i n t e n s i v e  

v i b r a t i o n  condi t ions a r e  s t u d i e d .  The v i b r a t i o n s  of  a c a r  body c o n s i s t  o f  a 

superpos i t ion  of  a l a r g e  number of harmonic o s c i l l a t i o n s  with random amplitudes 

and frequencies .  Generally they can b e  placed i n  t h e  c l a s s  of  complex random 

v i b r a t i o n s .  

2. A combination of  e l e c t r o n i c  equipment has been developed f o r  automatic 

cons t ruc t ion  o f  t h e  b i v a r i a t e  d i s t r i b u t i o n s  of  p r o b a b i l i t y  d e n s i t i e s  of t h e  

maxima and dura t ions  of complex o s c i l l a t i o n s  of  t h e  process  being s t u d i e d .  The 

measurements are performed i n  t h e  t i m e  between two neighboring i n t e r s e c t i o n s  of 

t h e  zero l e v e l  by t h e  s i g n a l .  This method of ana lys i s  of o s c i l l a t i o n s  i s  used, 

f o r  example, i n  determining t h e  smoothness i n d i c a t o r s  of t h e  cars  us ing  t h e  

Sper l ing  method. 

3 .  The s e t  of apparatus  c o n s i s t s  of  s p e c i a l l y  developed and s tandard e l e c 

t r o n i c  devices ,  including a magnetic recorder  f o r  t h e  v i b r a t i o n s  being s tudied  

and a s p e c i a l  d i g i t a l  pu lse  analyzer .  The measured parameters of  o s c i l l a t i o n s - -

maxima and durat ion--are  converted t o  p u l s e  t r a i n s .  I n  correspondence with t h e  

number of  pu lses  i n  t h e  t r a i n s ,  t h e  pulse  ana lyzer  s o r t s  o s c i l l a t i o n s  as a 

func t ion  o f  t h e i r  parameters and records t h i s  information i n  memory. The r e 

s u l t s  of processing of  long r e a l i z a t i o n s  of t h e  process a r e  output  as corre

l a t i o n  t a b l e s ,  f u l l y  def in ing  t h e  one-dimensional d i s t r i b u t i o n s  of each o f  t h e  

parameters s tud ied  and allowing t h e  s t o c h a s t i c  dependences between them t o  be 

s tudied .  These c o r r e l a t i o n  t a b l e s  a r e  input  t o  a un iversa l  d i g i t a l  computer 

f o r  c a l c u l a t i o n  of  t h e  smoothness i n d i c a t o r s  (by processing of v e r t i c a l  and 

h o r i z o n t a l  a c c e l e r a t i o n s  of t h e  c a r  body) , s t a t i s t i c a l  c h a r a c t e r i s t i c s  o f  t h e  

one-dimensional p r o b a b i l i t y  dens i ty  d i s t r i b u t i o n s  and c o r r e l a t i o n  f a c t o r s  of 

t h e  process parameters s t u d i e d .  

4 .  Inves t iga t ion  o f  t h e  p r o b a b i l i t y  r e l a t i o n s h i p s  between t h e  v i b r a t i o n s  of  

any two s t r u c t u r a l  elements,  f o r  example between t h e  v i b r a t i o n s  of  t h e  body and 

t rucks  of a r a i l r o a d  c a r ,  i s  t h e  most d i f f i c u l t  form of  a n a l y s i s .  I n  t h i s  case, 

when t h e  mutual c o r r e l a t i o n  between t h e  instantaneous values  of t h e  two 
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processes  i s  s tud ied ,  t he  s i g n a l s  must be quant ized wi th  respec t  t o  time and 

the  instantaneous va lues  of s i g n a l s  converted t o  p u l s e  t r a i n s  as descr ibed above. 

Cor re l a t ion  t a b l e s  of two processes  can be used no t  only t o  c a l c u l a t e  t h e  cor re

l a t i o n  c o e f f i c i e n t s ,  bu t  a l s o  t o  determine var ious  s t a t i s t i c a l  c o e f f i c i e n t s  of  

t h e  r a t i o s  of t h e  two random v ib ra t ions .  These c o e f f i c i e n t s  a r e  t h e  tangents  

of t h e  i n c l i n a t i o n  angles  of  t he  regress ion  l i n e s  of t h e  processes  being 

s tud ied .  

5. A l l  c a l cu la t ions  i n  processing of t he  v i b r a t i o n  d a t a  a r e  performed by 

e l e c t r o n i c  d i g i t a l  computer, al lowing t h e  process  of i n v e s t i g a t i o n  of v i b r a t i o n s  

t o  be automated. 
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METHOD OF MEASUREMENTS DURING INVESTIGATION OF MOTORCYCLE NOISE 

Yu. V. Skoryukin, A .  A S t rokin ,  A.  S .  Terekhin, V .  V .  Tupov and Ye. Y a .  
Yudin (Moscow) 

A t  t h e  present  t ime, t h e r e  i s  no s a t i s f a c t o r y  theory f o r  c a l c u l a t i o n  of 

t h e  noise  of  a motorcycle and i t s  muff ler  system. Therefore ,  var ious methods 

of  experimental s tudy  a r e  of considerable  s i g n i f i c a n c e .  One such method i s  

t h e  s u b j e c t  of  t h e  p r e s e n t  work. 

A s  w e  know, t h e  p r i n c i p a l  components i n  t h e  noise  o f  a motorcycle a r e  t h e  

exhaust no ise ,  i n t a k e  noise  and noise  o f  t h e  engine i t s e l f .  Therefore ,  tuning 

of t h e  i n t a k e  and exhaust muff ler  system has a s t r o n g  inf luence  on t h e  power 

and economy f i g u r e s  of t h e  engine.  Under p l a n t  condi t ions ,  measurement o f  

these  i n d i c a t o r s  genera l ly  i s  performed on s t a b l e ,  s p e c i a l l y  constructed t e s t  

s tands .  Therefore,  t h e  n e c e s s i t y  f requent ly  a r i s e s  of us ing  t h e s e  s tands  a l s o  

f o r  measurement of t h e  n o i s e  c h a r a c t e r i s t i c s  of engines .  We suggest t h a t  t h e  

r e f l e c t e d  f i e l d  method be used f o r  t h i s  purpose,  s i n c e  it corresponds most 

c lose ly  t o  n a t u r a l  condi t ions .  

In  order  t o  confirm t h e  cor rec tness  of t h i s  method, w e  s tud ied  t h e  

acous t ica l  p r o p e r t i e s  of  t e s t  s tands  a t  t h e  V .  A. Degtyarev P lan t .  

For  t h i s  same purpose, w e  performed comparative measurements of  t h e  sound 
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power of  a motorcycle engine i n  a free sound f i e l d  by t h e  r e f l e c t e d  sound f i e l d  

method, showing good convergence of  t h e  two methods. Furthermore, t h e  r e s u l t s  

of  measurements under t e s t  s t a n d  condi t ions were t e s t e d  experimental ly  by road 

tests of motorcycles. To do t h i s ,  t h e  t es t  s tand  measurement d a t a  were used t o  

c a l c u l a t e  t h e  expected sound pressure  spectrum under road condi t ions .  The road 

tes t  measurements showed s a t i s f a c t o r y  correspondence of  c a l c u l a t e d  and exper i 

mental d a t a .  

Based on t h e  s t u d i e s  performed, we can consider  t e s t  s t a n d  a c o u s t i c a l  

measurements r e l i a b l e .  This allows us t o  expand s i g n i f i c a n t l y  t h e  experimental  

c a p a b i l i t i e s  of t es t  s tands  of t h i s  type,  a v a i l a b l e  i n  var ious  organiza t ions ,  

f i t t i n g  them siniultaneously f o r  measurement not  only of  power but  of a c o u s t i c a l  

ind ices  of engines.  
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DETERMINATION AND CALCULATION OF THE CHARACTERISTICS OF NOISE -CREATED BY TURBO-- . - ..- - . . . ... -. 

PROP PASSENGER AIRCRAFT INTHE- A a A  OF- AIRPORTS 

V. 	 S. Okorokov (Moscow) 

A method is  suggested f o r  determining t h e  maximum n o i s e  l e v e l  of  a i rcraf t ,  

both when parked and when i n  f l i g h t .  

The i n i t i a l  parameters used a r e  t h e  power appl ied  t o  t h e  p r o p e l l e r ,  ra te  

of p r o p e l l e r  r o t a t i o n ,  diameter and t h e  number of  b lades ,  f l i g h t  a l t i t u d e  and 

speed and t h e  arrangement of t h e  power p l a n t .  The formulas and nomograms 

suggested allow t h e  noise  of  a i r c r a f t  i n  opera t ion  and newly designed a i r c r a f t  

with turboprop engines t o  b e  c a l c u l a t e d  with accuracy s u f f i c i e n t  f o r  p r a c t i c a l  

purposes.  Estimation o f  n o i s e  i s  performed i n  e f f e c t i v e  perceived noise  l e v e l s  

i n  correspondence with t h e  recommendations of t h e  I n t e r n a t i o n a l  Standards /z
Organization and t h e  p l a n  f o r  t h e  corresponding domestic All-Union S t a t e  

Standard . 
The r e s u l t s  o f  experimental  s t u d i e s  of no ise  c h a r a c t e r i s t i c s  of domestic 

a i r c r a f t  t e s t e d  parked under var ious opera t ing  condi t ions agree w e l l  with t h e  

c a l c u l a t e d  va lues .  
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STUDY OF A I R  NOISE OF PNEUMATIC LOOM BY STATISTICAL METHODS 
. . .  . . - .  . .-

L .  P. Bastite, A. Yu. Klyuchininkas, V.  K .  Naynis, K .  M.  Ragul 'skis (Kaunas) 

A comparison of  spectrograms measured during t h e  opera t ion  of  a s h u t t l e  loom 
of any type and a pneumatic loom shows t h a t  t h e  noise  c rea ted  by pneumatic looms 

c o n s i s t s  of high frequency aerodynamic and turbulence noise .  In  t h e  octave 

1, 2, 4 and 8 KHz bands, t h e  n o i s e  l e v e l  exceeds t h e  norms by 2,  2, 4 and 14 db 

respec t ive ly .  

The p r i n c i p a l  sources o f  high frequency noise  i n  a pneumatic loom are t h e  

u n i t s  supplying compressed a i r  and drawing away t h e  weft .  Figure l a  and b 

shows an osci l logram of t h e  n o i s e  of t h e  a i r  supply u n i t .  The dura t ion  of  an 

a i r  b l a s t  i s  96 angular  degrees of  r o t a t i o n  of t h e  main s h a f t  of t h e  machine. 
/E 


I.- 210b

180" 360" 
b 

Figure 1. Oscillogram of  Noise of A i r  Feed Unit:  
a ,  180" r o t a t i o n  o f  main s h a f t ;  b,  180-360" r o t a 
t i o n  of main s h a f t ;  time mark represents  500 H z .  

Pu lsa t ions  i n  a i r  p ressure  f a r  from t h e  zone of t h e  a i r  stream anL i n  it 

a r e  s t u d i e d .  Since t h e  a i r f low f i e l d  i n  t h e  stream i s  random, a s t a t i s t i c a l  

d e s c r i p t i o n  of  t h e  phenomena i s  presented.  The r e l a t i o n s h i p  between pressure  

p u l s a t i o n s  i n  t h e  a i r s t ream and t h e  narrow band noise  s p e c t r a  i s  determined. 

An experimental  s tudy of t h e  p u l s a t i o n s  of a i r  p ressure  i n  t h e  stream was 
performed using a multichannel recording apparatus .  The d a t a  o f  experimental  

s t u d i e s ,  produced i n  t h e  form of  osc i l lograms,  a r e  processed by s t a t i s t i c a l  

methods on a d i g i t a l  computer. 
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A WATER SPRAY AS A SOURCE OF RANDOM FORCE FOR ACOUSTICAL MEASUREMENTS 
. .  . . . . . .  . .  - . .  . - . . - . .  - . . . .  . . . .  . . . . .  . 

T. F. Demidenko, N .  V.  Stepanova, V .  I .  Shmal'gauzen (Moscow) 

In order  t o  e s t i m a t e  t h e  e f f e c t i v e n e s s  of t h e  n o i s e  and v i b r a t i o n  i n s u l a 

t i o n  of  var ious  devices ,  it i s  d e s i r a b l e  t o  have a p o i n t  source o f  no ise  a c t i o n ,  

with a broad spectrum, s t a b l e  and e a s i l y  reproducible  effect .  D .  G .  Tonkonogov 

has  suggested t h a t  a stream of  l i q u i d  b e  used f o r  t h i s  purpose,  spraying a t  

2-4 a t m  p ressure  from a small a p e r t u r e  (0.3-0.6 mm i n  d iameter ) .  This r e p o r t  

p r e s e n t s  t h e  r e s u l t s  o f  s t u d i e s  of t h e  s p e c t r a l  p r o p e r t i e s  of  t h e  n o i s e  e x c i t e d  

by a broken stream of  l i q u i d .  

We know t h a t  a s t ream o f  water  i s  uns tab le  i n  a i r  and a t  some d i s t a n c e  

from t h e  nozzle i s  broken i n t o  ind iv idua l  drops,  t h e  mean r a d i u s  of which i s  

approximately equal t o  t h e  diameter of t h e  a p e r t u r e :  R "  d ( see  [ 1 , 2 ] ) .  The 

formation of  drops i s  a random process  and t h e r e f o r e  when t h e  broken s t ream 

s t r i k e s  a s o l i d  s u r f a c e ,  a random sequence o f  p u l s e s  o f  f o r c e  a r i s e s .  The mean 

p u l s e  r e p e t i t i o n  frequency v can b e  determined from t h e  law of conservation of 

mass. I f  M i s  t h e  flow rate  of water p e r  u n i t  t ime,  v i s  t h e  s t ream v e l o c i t y ,  

then 

In order  t o  determine t h e  s p e c t r a l  d e n s i t y  of t h e  random f o r c e ,  it i s  necessary /% 
t o  know t h e  pulse  form. Since i t  has been noted t h a t  t h e  p u l s e  has a s t e e p  

leading  edge and a more gradual  t r a i l i n g  edge, t h e  fol lowing empir ical  formula 

can be used t o  approximate t h e  pulse  form: 

F ( t )=c (v, R )  r2-6 (;!-I 

Here T = K/v is  t h e  e f f e c t i v e  pulse  length ,  c1 and B a r e  parameters which do not  

change when E o r  v change, amplitude C(v,E) i s  determined from t h e  law of con

s e r v a t i o n  o f  momentum: 
4ZR' pvc =__ __ 
3PTr (4 

The spectrum of an i n d i v i d u a l  p u l s e  o f  f i x e d  form w i l l  be 

m 

~ ( w ) =  ~ ( i )  - i w p ~ ) - a .n ' ~ f t i r = 4 x ~ 3 p ~ ( l  
0 
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For a random sequence of  such p u l s e s ,  following a t  mean frequency v, t h e  spec

t r a l  dens i ty  is determined by t h e  expression 

s(a)=~[Q(a) x'Q* (o ) ]= ,  R5v3p'[1+ ( o @ T ) ~ ] - ~  (4) 

Figure 1 shows t h e  r e s u l t s  of  an experimental  determinat ion of t h e  s p e c t r a l  den

s i t y  of t h e  n o i s e  of t h e  stream. Measurements were performed using a piezo

e l e c t r i c  r e c e i v e r ,  t h e  s e n s i t i v i t y  of which i n  t h e  frequency a r e a  s tud ied  

(10-100 KHz) can b e  considered cons tan t .  The p o i n t s  r e l a t i n g  t o  var ious 

aper ture  diameters and var ious stream v e l o c i t i e s  f a l l  near  t h e  curve constructed 

using formula (4)  with t h e  values  of t h e  parameters a = 1 , 2 ;  B = 1. Thus, 

where w S V/f i ,  t h e  s p e c t r a l  d e n s i t y  drops o f f  as  frequency increases  as w 
- 3 . 4  . 

Y 
I 

- a  

-2c 

.1 


Thus, a broken 

t i c a l  po in t  source 

s t ream of 

of  random 

1. Rayleigh, Z'eoriya Zvuka 
2 .  Panasenkov, N .  S . ,  ZhTF, 

i

_I 
t o  $0 t 

Figure 1. 

l i q u i d ,  flowing from a small aper ture ,  i s  a prac

f o r c e  with known p r o p e r t i e s .  

REFERENCES 

[The Theory of  Sound], Vol. 2 ,  Moscow, 1955. 
Vol. 21 ,  No. 2 ,  pp. 160-166, 1951. 

95 




NOISE AT ACOUSTICAL RECEIVER RESULTING FROM SPATIALLY NONCORRELATED SOURCES . .
DISTRIBUTED O V E R A  SURFACE 

V. B. Kobel'kov and D. G .  Tonkonogov (Moscow) 

It i s  suggested t h a t  t h e  a c o u s t i c a l  p r o p e r t i e s  o f  a device and r e c e i v e r  be 

charac te r ized  by t h e  response funct ion H(M,f), equal t o  t h e  vol tage  a t  t h e  out 

put  of t h e  r e c e i v e r  upon e x c i t a t i o n  o f  p o i n t  M o f  t h e  s u r f a c e  a t  frequency f 

by a v a r i a b l e  f o r c e  with u n i t  amplitude. This func t ion  can be experimentally 

measured. The n a t u r e  of t h e  sources  can b e  descr ibed by a func t ion  o f  t h e  

s u r f a c e  d e n s i t y  of  e x c i t i n g  forces  o(M,f),  equal t o  t h e  mean amplitude of  t h e  

force  a t  frequency f p e r  u n i t  s u r f a c e  a r e a ,  inc luding  p o i n t  M .  Assuming t h e  

sources on s u r f a c e  S t o  be noncorrelated,  we c a l c u l a t e  t h e  r e s u l t i n g  noise  a t  

frequency f as: 

A s  an example, l e t  us analyze a d i s k  with r e c e i v e r s  s e t  i n  t h e  c e n t e r ,  f o r  

which funct ions H and u have t h e  form shown on Figure 1. The r e s u l t s  of c a l 

c u l a t i o n s  of t h e  noise  l e v e l  f o r  t h i s  case using formula (1) a r e  presented on 

Figure 2.  
H h l  

n : O  
Ho . 

a 

Figure 1. Form o f  Functions: 
d e n s i t y  f o r  c i r c u l a r  model of 
r a d i u s  v0 set  i n  center .  
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where r1 = 0 ( r ece ive r  s e t  i n  wall of device,  su r f ace  of which i s  exc i t ed  

evenly) f o r  n > 2,  t h e  noise  l e v e l  remains p r a c t i c a l l y  unchanged, which can 

be looked upon as a c r i t e r i o n  of cor rec tness  f o r  measurements of func t ion  u ,  

o r  as the  corresponding l i m i t  i n  a t tempts  t o  decrease t h e  noise  on t h e  r e 

ce iver ,  r e s u l t i n g  from t h e  su r face  a reas  surrounding t h e  r e c e i v e r .  If t h e  

a rea  of  e x c i t a t i o n  i s  remote from t h e  r ece ive r  ( r l  > ro), the  noise  l e v e l  de

pends s t rong ly  on t h e  value o f  n,  t h i s  dependence being s t e e p e r ,  t h e  g r e a t e r  

r1’ which can be used t o  determine means of p ro tec t ion  from noise  o r  f o r  ae

terminat ion of r1 on t h e  b a s i s  of r e s u l t s  of measurement of  no i se  a t  var ious  

n .  	 For case of a x i a l  symmetry with a c i r c u l a r  boundary of e x c i t a t i o n  a t  d i s 

tance r along t h e  g e n e r a t r i x  ( i f ,  where r > rl, func t ion  u ( r , f )  does not i n 

crease t o  compensate f o r  t h e  decrease i n  func t ion  H( r , f ) )  f o r  var ious  func t ions  

H( r , f )  , t he  fol lowing e q u a l i t y  ob ta ins :  

In o the r  words, f o r  t h i s  case such 


c h a r a c t e r i s t i c s  as H(0,f)  ; n; 


dimensions and form of  a reas  of 


t h e  su r face  remote from t h e  r e  


ce ive r  have no s ign i f i cance .  I t  


follows from (2) t h a t  i f  f o r  a 


c e r t a i n  device the  noise  U 1( f )  and 


t h e  response func t ion  a r e  known 


with an accuracy equal t o  c o e f f i - /E 

c i e n t  fi (r , f )  f o r  another device 
1 1  
with the  same shape and na tu re  

o f  e x c i t a t i o n  the  noise  l e v e l  i s  

def ined a s :  

(3)
Figure 2. Noise Level a s  a Function 

of  Pos i t i on  of Exc i t a t ion  Boundary [r , f )  a r e  mea
r1 with Various Exponential  Decreases where R(r , , f )  and fi 1 1  


sured  under i d e n t i c a l  condi t ionsi n  Response Function n and Dimensions 
of Disk  R.  without absolu te  c a l i b r a t i o n  of t h e  

e x c i t i n g  f o r c e s .  
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STUDY OF THE NOISE OF A PIESEL ON A TRACTOR 
~~ ... .. . . ..___ _  . ..- . . . 

Yu. Deykus, V. Lukanin, V.  Efros (Kaunas) 

I n v e s t i g a t i o n s  have shown t h a t  t h e  n o i s e  i n  t h e  o p e r a t o r ' s  s e a t  o f  a 

t r a c t o r  i s  r a d i a t e d  by t h e  panels  of t h e  cab, e x c i t e d  by forces  developed as 

t h e  engine opera tes ,  and a l s o  as a r e s u l t  o f  propagat ion o f  sound energy 

through t h e  s t r u c t u r e s  o f  t h e  t r a c t o r .  

S tudies  were performed us ing  type MTZ-50 t r a c t o r s ,  equipped with water 

cooled (D-50) and a i r  cooled (D-37Ye) engines .  The s p e c i f i c s  o f  arrangement of  

t h e  engine on t h e  t r a c t o r  inc lude  r i g i d  mounting on motor mounts and f lange  

connection t o  t h e  t ransmission o f  t h e  t r a c t o r .  

Vibrat ions can be decreased by making s t r u c t u r a l  changes t o  t h e  method o f  
connection of t h e  engine t o  t h e  t ransmission.  

Figure 1 shows t h e  r e s u l t s  of  measurement of  v i b r a t i o n s  a t  a p o i n t  on t h e  

f l o o r  of t h e  cab. Spectrum 1 was produced with s tandard  connection o f  t h e  

engine t o  t h e  t ransmission,  spectrum 2--with t h e  engine disconnected, spectrum 

3--shows v i b r a t i o n s  of  t h e  engine i t s e l f .  

The noise  i n  t h e  o p e r a t o r ' s  seat was 104 db and 98 db r e s p e c t i v e l y .  

The engine i n  a l l  cases operated a t  1800 rpm without  load. 

This f i g u r e  shows t h e  expediency of  reducing t h e  v i b r a t i o n  propagat ing 

from t h e  engine t.o t h e  cab. 

Figure 1. 
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Comparison of no ise  i n  t h e  cab of  t h e  t r a c t o r  using engines with var ious  

types of cool ing shows t h a t  t h e  air -cooled engine causes a no ise  l e v e l  o f  101 db, 

while t h e  water-cooled engine causes a n o i s e  l e v e l  of  108 db. The comparison 

was made a t  1750 rpm, without load. 
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~AUTOMATIC METHOD OF STUDYING SOUND INSULATION OF CYLINDRICAL TUBES WITH VARIOUS~ 

SOUND RADIATION CONDITIONS 

D. R. Guzhas (Vil 'nyus) 

The s tudy of  t h e  sound i n s u l a t i o n  (SI) o f  c y l i n d r i c a l  tubes i s  becoming /% 
a p r e s s i n g  problem i n  t h e  a r e a  of product ion n o i s e  c o n t r o l .  I n  gas supply 

systems, as s t r o n g l y  t u r b u l e n t  gas streams flow through tubes ,  i n t e n s i v e  noise  

arises, reaching 110-120 db o u t s i d e  t h e  tube.  

The i n s t a l l a t i o n  developed allows t h e  S I  of tubes up t o  10 m i n  length 

with diameters up t o  1 m t o  be s t u d i e d  with sound sources  both o u t s i d e  and i n 

s i d e  t h e  tube (Figure 1 ) .  

LoudspeaKer 

generator 

,u re  1. 

The i n s t a l l a t i o n  includes guide tubes i n s t a l l e d  o u t s i d e  t h e  tube,  on which 

s p e c i a l  r o l l e r  c o l l a r s  are sea ted .  The c o l l a r s  c a r r y  a support ing r i n g  f o r  

s i x  microphones located a t  angles  of 60" around t h e  tube .  The microphone 

r i n g  i s  moved automatical ly  along t h e  tube with a s t r i p  c h a r t  recorder  and a 

s p e c i a l  d r i v e  system. The microphone wi th in  t h e  tube can be moved using a 

l i n e  along t h e  a x i s  of t h e  tube .  The unevenness of t h e  sound f i e l d  through 

t h e  c ross  s e c t i o n  of t h e  tube i s  determined by movement o f  t h e  microphone over 

t h e  rad ius  o f  t h e  tube using a f l e x i b l e  connector mounted t o  t h e  microphone 
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support  t ruck .  This t ruck  is  moved automatical ly  by t h e  recorder .  A measuring / E  
rod determines t h e  p o s i t i o n  of t h e  microphones i n s i d e  and o u t s i d e  t h e  tube.  

r.. 

'',;]Freq. 850 Hz I Freq. 1,aoo Hzl  
e-530-1.000 Hz band 800-1.250 Hz band'.l,OOO-l. 600 Hz band 

and 2,500-4,000 Hz bands 

bands 

Figure 2 .  

S I  of two c y l i n d r i c a l  tubes 6 m i n  length and 219 

The e lec troacoustical 

p o r t i o n  o f  t h e  i n s t a l l a t i o n  

includes master and measuring-

recording channels (Figure 1 ) .  

A type 50 GRD-8 horn loud

speaker i s  used t o  supply t h e  

sound pressure .  The master 

channel allows sound sources  

t o  b e  exc i ted  with s i n e  wave 

tones or one- th i rd  octave 

bands of white n o i s e .  

A type N-110 s t r i p  c h a r t  
recorder  i s  used t o  record t h e  

l e v e l  o f  sound pressure  along 

t h e  tube a t  t h e  frequency 

measured. The measuring micro

phones outs ide  a r e  placed 

r i g h t  a t  t h e  s u r f a c e  of t h e  

tube (d is tance  0.5-1.0 cm) and 

a t  a d i s tance  of 50 cm from 

t h e  tube w a l l .  

The authors  s tud ied  t h e  
mm i n  diameter with var ious  

wall  th icknesses :  b 1 = 8 mm and b 2 = 2 mm using t h i s  device.  With t h e  sound 

source i n s i d e  t h e  tube,  t h e  i n t e r n a l  and ex terna l  sound f i e l d s  were measured. 

The measured l e v e l  of sound pressure  along t h e  tube with bl  = 8 mm when exc i ted  

by bands of  white n o i s e  and s i n e  wave tones i s  shown on Figure 2 .  The s o l i d  

curves show t h e  r e s u l t s  from t h e  s i n e  wave tones ,  t h e  dot ted curves show t h e  

r e s u l t s  from t h e  white no ise  bands, t h e  heavy curves were measured a t  0 . 5  m ,  

t h e  f i n e  curves--at  5-10 mm; curves c show r e s u l t s  o f  measurements o u t s i d e ,  

curves b show r e s u l t s  of measurements i n s i d e .  
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The sound i n s u l a t i o n  o f  c y l i n d r i c a l  tubes  decreases  with increas ing  fre

quency by an average of  5-6 db p e r  octave,  i . e . ,  t h e  frequency tendency of t h e  

sound i n s u l a t i o n  o f  s h e l l s  i s  oppos i te  t o  t h e  tendency of t h e  sound i n s u l a t i o n  

of p l a t e s .  
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SIGNIFICANCE OF INFORMATION ON CERTAINTY OF UNSTABLE NOISE I N  THE PROCESS OF ITS 
ACTION ON THE HUMAN ORGANISM 

G .  A.  Suvorov and A. M .  L ikhni t sk iy  (Leningrad) 

I t  i s  suggested t h a t  an information desc r ip t ion  o f  uns t ab le  noise  be 

added t o  t h e  power eva lua t ion  (mean power) and s p e c t r a l  eva lua t ion  (time

averaged spectrum), us ing  f o r  t h i s  purpose t h e  s t a t i s t i c a l  envelope of  t h e  

process  : 

where Pm s  ( t )  i s  t h e  s t a t i s t i ca l  envelope o f  t h e  process ,  P ( t )  i s  t h e  i n s t a n - /= 
taneous sound p res su re ,  h ( t )  i s  a weight func t ion .  Function h ( t )  descr ibes  

t h e  t i m e  window wi th in  which t h e  human ear i s  i n s e n s i t i v e  t o  t h e  phase s t r u c 

t u r e  o f  a s i g n a l .  The e f f e c t i v e  width of  t h e  smoothing in t e rva l  i s  assumed t o  

be  A t o  = 10 msec. 

The e f f e c t  o f  no i se  with a complex envelope i s  analyzed as t h e  r e s u l t  o f  

i n t e r a c t i o n  o f  t h e  organism with a s t imulus which changes with t ime; as t h e  

r e s u l t  o f  t h i s  i n t e r a c t i o n ,  the  organism develops a s t r a t e g y  t o  minimize t h e  

b i o l o g i c a l  e f f e c t  of  t h e  no i se  ( so-ca l led  dynamic adapta t ion) ,  t h e  l e a s t  i n 

f luence  o f  an uns t ab le  s t imulus  be ing  noted when i t s  parameters are known i n  

advance. I t  i s  assumed t h a t  t he  human organism p a r t i a l l y  so lves  t h e  d i f f i 

c u l t i e s  r e s u l t i n g  from a delay i n  i t s  p r o t e c t i v e  r eac t ion  t o  sudden effects by 

ex t r apo la t ing  f u t u r e  moments o f  appearance of  a s t imulus on t h e  b a s i s  o f  i n 

formation concerning t h e  envelope o f  t he  noise  process  i n  the,  p a s t .  The mini

mum a t t a i n a b l e  unce r t a in ty  can be ca l cu la t ed  on the  b a s i s  of  t h e  p r o b a b i l i t y  

c h a r a c t e r i s t i c s  of t he  no i se  envelope. I t  i s  assumed t h a t  t he  entropy i s  used 

as the measure o f  unce r t a in ty .  

In  order  t o  determine t h e  most c h a r a c t e r i s t i c  p rope r t i e s  of dynamic adap

t a t i o n ,  w e  s tud ied  t h e  e f f e c t s  of  uns t ab le  noise ,  an aper iodic  sequence o f  

s h o r t  r ec t angu la r  white  no i se  pu l ses  t i n  length.  In  t h e  f i rs t  approximation,
U 

t h i s  sequence fol lows Poisson’s  r u l e .  The unce r t a in ty  of  t h e  moments of  

appearance o f  t h e  pu l ses  r equ i r ed  t h a t  t h e  t e s t  sub jec t s  perform p r o b a b i l i t y  

ex t r apo la t ion  on t h e  b a s i s  o f  information on t h e  preceding i n t e r v a l s  between 

t h e  i n i t i a l  moments of pu lses  (wai t ing i n t e r v a l s  T ( i )  ] . Since the  i n t e r v a l s  
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T(i) are s t a t i s . t i c a l l y  independent and a r e  t h e  only source of  information on 

the  s t imulus i n  the  " fu ture ,"  t h e  unce r t a in ty  i s  determined by t h e  p r o b a b i l i t y  

dens i ty  of t he  .Poiss.on process  : 
740 

w (P )= 
I e -T(i) 

(T(')2 0) 

T'(i) i s  t h e  mean expec ta t ion  i n t e r v a l ,  then the  entropy is expressed as 

Dimensionality I / A t  
0 r ep resen t s  t he  permiss ib le  unce r t a in ty  of t h e  expec

t a t i o n  i n t e r v a l  f o r  t h e  e a r ,  r e s u l t i n g  from t h e  i n t e g r a l  p r o p e r t i e s  of t h e  e a r .  / E  
Afte r  i n t e g r a t i o n  and in t roduc t ion  of co r rec t ions  f o r  p u l s e  over lap ,  t h e  en

t ropy i s  expressed by 

The s tudy of t he  s p e c i f i c s  of  the  e f f e c t s  of  no i se  as  a func t ion  of t h e  

d i s t r i b u t i o n  of sequences of  pulses  of equal mean power i n  time showed t h a t  t h e  

most sharp ly  expressed b io log ica l  e f f e c t  i s  t h a t  of  ape r iod ic  no i se ,  charac

t e r i z e d  by the  maximum unce r t a in ty  o f  expec ta t ion  i n t e r v a l s  between pu l ses ,  t he  

inf luence  of the  no i se  inc reas ing  with increas ing  entropy.  
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THE PROBLEM OF THE STATIC CALCULATION OF VIBRATION INSULATION SYSTEMS WITH SIX 
AND TWELVE DEGREES OF FREEDOM 

Yu. P .  Busarov (Vladimir) 

Various systems o f  equat ions a r e  concluded f o r  s t a t i c  c a l c u l a t i o n  of t h e  

v i b r a t i o n  i n s u l a t i o n  systems with s i x  and twelve degrees of freedom. The 

following goals  can b e  achieved by solving t h e s e  equat ions:  

1. Calculat ion of  l i n e a r  displacements and angles of  r o t a t i o n  of v i b r a t i o n -

i n s u l a t e d  o b j e c t .  

2 .  Calculat ion of  deformations and r e a c t i o n s  of  shock absorbers .  

3 .  Calculat ion o f  i n s e r t s  and recesses  beneath shock absorbers used f o r  

e l imina t ion  of  skew of  v ibra t ion- insu la ted  o b j e c t .  

These c a l c u l a t i o n s  can b e  performed f o r  shock absorbers  with l i n e a r  and 

nonl inear  s t a t i c  c h a r a c t e r i s t i c s .  In  t h e  l a t t e r  case,  t h e  s t a t i c  c h a r a c t e r i s t i c  

i s  represented as  a sum of a l i n e a r  c h a r a c t e r i s t i c  and a nonl inear  remainder. 

Solut ion of t h e  equations involved i n  nonl inear  s t a t i c  design of  v i b r a t i o n  

i n s u l a t i o n  systems i s  performed using t h e  method of successive approximations. 

The nonl inear  remainders a r e  discarded i n  c a l c u l a t i o n  of t h e  f irst  approxima

t ion .  

The work involves  t h e  apparatus of matr ix  ca lcu lus  and n-dimensional vec

t o r s ,  which i s  convenient for s t a t i c  c a l c u l a t i o n s  by d i g i t a l  computer. 
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REDUCTION OF NOISE AND VIBRATION OF- PNEUMATIC LOOM USING VIBRATION-INSULATING 
..._... . ~ 

SUPPORTS 

L .  P .  Bastite, P .  I .  I l g a k o i s ,  A .  YU Klyuchininkas (Kaunas) 

One means of decreasing dynamic loads on t h e  base  and reducing t h e  noise  of /% 
looms is  t h e  use of  v i b r a t i o n - i n s u l a t i n g  suppor ts .  N e w  designs of  v i b r a t i o n  

supports  a r e  suggested.  

During a q u a l i t a t i v e  eva lua t ion  of v i b r a t i o n - i n s u l a t i n g  suppor ts ,  t h e  dy

namic loads on t h e  base and v i b r a t i o n s  of  t h e  f l o o r  were measured during 

operat ion of a pneumatic loom i n s t a l l e d  on t h e  second f l o o r  of a bui ld ing .  

Vibra t ion- insu la t ing  supports  are designed f o r  t h e  P-125 pneumatic loom. 

The e f f e c t i v e n e s s  of  a p p l i c a t i o n  of  v i b r a t i o n - i n s u l a t i n g  supports  of t h e  new 

design i n  order  t o  decrease t h e  effects o f  dynamic loads on t h e  base and re

duce t h e  n o i s e  of  t h e  machine i s  demonstrated. 

Resul ts  a r e  presented from c a l c u l a t i o n  of t h e  reduct ion  of  no ise  l e v e l  of 

t h e  pneumatic loom when i n s t a l l e d  on v i b r a t i o n - i n s u l a t i n g  supports  of t h e  

design suggested.  Resul ts  a r e  a l s o  presented  from a c a l c u l a t i o n  of  t h e  de

crease  i n  t o t a l  n o i s e  power i n  a room containing 36 type P-125 machines when 

they are s e t  on v i b r a t i o n - i n s u l a t i n g  supports  of  t h e  designs suggested.  

Experimental s tudy  of  t h e  dynamic loads on t h e  machine and v i b r a t i o n s  of 

t h e  base i s  performed us ing  a multichannel recording apparatus  with seismic 

and p i e z o e l e c t r i c  sensors .  The d a t a  on v i b r a t i o n s  of machine and base a r e  

produced i n  t h e  form of osci l lograms and processed by s t a t i s t i c a l  dynamics 

methods by d i g i t a l  computer. 
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GENERALIZATION OF THE HYPOTHESIS OF Ye. S. SOROKIN TO INCLUDE NONLINEAR ELASTICDAM.p.ING~ - . .  . _ . _ _ .  

. . -.. . 

Yu. P. Busarov (Vladimir) 

The hypothesis  o f  Ye. S. Sorokin i s  extended t o  e l a s t i c  damping elements 

with nonl inear  e l a s t i c i t y  curve.  The genera l iza t ion  i s  performed by t h e  

method of  d i r e c t  l i n e a r i z a t i o n  of t h e  e l a s t i c i t y  curve,  allowing t h e  equiva

l e n t  r i g i d i t y  C(A,w) of  an e l a s t i c  element, genera l ly  depending on amplitude 

A and deformation frequency w, t o  b e  introduced.  This equivalent  r i g i d i t y  / g  
i s  used i n  p l a c e  of  t h e  constant  r i g i d i t y  i n  recording t h e  absorpt ion f a c t o r  

o f  an e l a s t i c  element i n  i t s  c l a s s i c a l  form: 

where S i s  t h e  a r e a  of t h e  h y s t e r e s i s  loop. 

I n  correspondence with t h i s  d e f i n i t i o n  of t h e  absorpt ion f a c t o r ,  t h e  

general ized hypothesis  of  Y e .  S.  Sorokin i s  w r i t t e n  i n  t h e  form 

N =  - C ( A ,  w)[l  + & ( A ,  w)]:x. 

where 	N is  t h e  r e a c t i o n  of  t h e  e l a s t i c  element; 

x i s  t h e  deformation of t h e  e l a s t i c  element. 

Based on t h e  genera l ized  hypothesis ,  t h e  amplitude-frequency c h a r a c t e r i s t i c  

of t h e  nonl inear  o s c i l l a t i n g  system with mass m and one degree of freedom, 

per turbed by a harmonic f o r c e  with amplitude F
0' i s  w r i t t e n  i n  t h e  convenient 

form 

known f o r  t h e  case of l i n e a r  o s c i l l a t i o n s .  

I t  i s  demonstrated t h a t  t h e  s o l u t i o n  of t h e  nonl inear  equat ion of an os

c i l l a t i n g  system 

mx + N (x) =Fo sin ut, 
(4) 

where N(x) is  t h e  c h a r a c t e r i s t i c  of t h e  e l a s t i c  damping element i n  t h e  form of 

an experimental  h y s t e r e s i s  loop, by t h e  var ious  approximate methods of 
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Galerkin-Ritz,  t h e  small parameter method, t h e  harmonic balance method, t h e  

averaging method and o t h e r s  a l s o  leads i n  t h e  first approximation t o  expression 

( 3 ) ,  although by a more complex means. 

A t  t h e  same t i m e ,  i n  o r d e r  t o  perform c a l c u l a t i o n s  using formula (3) it i s  

s u f f i c i e n t  t o  know only t h e  dependence o f  r i g i d i t y  S and absorpt ion f a c t o r  y 

on t h e  amplitude and frequency o f  deformation, which can be e a s i l y  produced 

by processing of  experimental ly  produced h y s t e r e s i s  loops.  
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OSCILLATIONS OF ELASTICALLY SUSPENDED BODY WITH CENTER OF GRAVITY MISMATCHED 
TO CENTER OF ELASTICITY OF SUPPORT 

A.  P .  Zhurevskaya (Moscow) 

The case o f  e l a s t i c  placement of  t h e  body of  an e l e c t r o n i c  apparatus  on a 

platform which performs v e r t i c a l  o s c i l l a t i o n s  according t o  a harmonic r u l e  i s  

s t u d i e d .  I t  i s  assumed t h a t  t h e  center  of g r a v i t y  of  t h e  body not  only does 

not  correspond t o  t h e  c e n t e r  of  e l a s t i c i t y  of t h e  support ,  but  is  not  loca ted  

above i t--which is  r a t h e r  f requent ly  encountered i n  a c t u a l  s t r u c t u r e s .  The 

s o l u t i o n  of t h e  problem i s  performed i n  t h e  primary coord ina tes ,  which a r e  t h e  

angles of r o t a t i o n  of  t h e  body r e l a t i v e  t o  t h e  centers  of  t h e  p r i n c i p a l  os

c i l l a t i o n s  loca ted  with t h e  s t a t i c  placement of  t h e  body i n  t h e  same plane  as 

t h e  c e n t e r  of  e l a s t i c i t y  of  t h e  support .  The deformations of  e l a s t i c  elements 

of t h e  support  of t h e  body a r e  determined. Conditions a r e  s t u d i e d  under which 

"breakdown" of t h e  suspension is p o s s i b l e .  

/E 
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. . . .OF A ROD CONSIDERING . .ONE METHOD OF DAMPING .PARAMETRIC OSCILLATIONS . . .  A DAMPING . .  
SUSPENSION-

D. Kh. Tsveniashvi l i  (Moscow) 

Problems o f  t h e  dynamic s t a b i l i t y  of  a rod s u b j e c t  t o  t h e  inf luence  o f  a 

longi tudina l  p u l s a t i n g  t r a c k i n g  load are s t u d i e d  when a supplementary mass 

(damper) i s  a t tached  t o  i t  through an e l a s t i c  element.  The rod i s  represented 

as an e l a s t i c ,  massless element with a concentrated mass a t  i t s  t i p  (as i n  t h e  

works of Ya. G .  Panovko, e t  a l ) .  The v e r t i c a l  displacements of t h e  mass of 

t h e  damper and t h e  concentrated mass of  t h e  rod a r e  ignored. Thus, we produce 

a system with two degrees o f  freedom (hor izonta l  displacements of  t h e  damper 

and t h e  t i p  mass o f  t h e  r o d ) .  An expression i s  composed f o r  t h i s  two-mass 

system f o r  t h e  bending moment i n  an instantaneous c ross  s e c t i o n ,  a f t e r  which, 

by using t h e  P r i n c i p l e  of  d'Alembert, t h e  following system of d i f f e r e n t i a l  
equations of  motion i s  produced 

where 

m i s  t h e  concentrated mass of  t h e  rod, m 1 i s  t h e  mass of  t h e  damper, C i s  t h e  

r i g i d i t y  of t h e  s p r i n g ,  f , ( t )  i s  t h e  bending of  t h e  upper end of  t h e  rod, f , ( t )  

i s  t h e  d e f l e c t i o n  of t h e  mass from t h e  p o s i t i o n  of s t a t i c  equi l ibr ium, K i s  

t h e  n a t u r a l  frequency of t h e  rod without t h e  damper, R1 i s  t h e  p a r t i a l  n a t u r a l  

frequency of  t h e  damper, q i s  t h e  damping f a c t o r ,  P0 and Pt are cons tan ts ,  

E 1  i s  t h e  r i g i d i t y  of t h e  rod. 

System (1) i s  non-Hamiltonian. .Coeff ic ient  R2(t)  = i~ 
2 ( t )  = w 

2 ( - t ) ,  i . e . ,  

an even func t ion ,  while a l l  remaining c o e f f i c i e n t s  are cons tan t  q u a n t i t i e s  

r e l a t i v e  t o  t i m e  t .  'We assume t h a t  = pt /p o ~ 1 ,i .e . ,  we consider  E a small  

parameter. This corresponds phys ica l ly  t o  t h e  case o f  s l i g h t  modulation of t h e  
2 2load. Expanding w (p0 .P*,E) (p, = 20.19 E I / Z  ) i n  a s e r i e s  i n  power of  E ,  

w e  have 
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Assuming T = @ t / 2 ,  A = 2/@, system (1) can be replaced by t h e  following, 

equivalent  system of first o r d e r  d i f f e r e n t i a l  equat ions : 

A=?&, i 2 = A f 4 .  

j 3= -A (IF +pa:) fl+ApQ: f2-hphlf3 +A& f4 -d K a  &a COS 2 4  + ..., 
f4 =A W f i  -A Q ? h  +Wf3-Ah1.A I 

(consider ing t h a t  t h e  damping f a c t o r  i s  a small  q u a n t i t y ) .  

The cons t ruc t ion  of  a reas  of i n s t a b i l i t y  i s  performed using t h e  method of  

I .  G .  Malkin, which i s  based on d i r e c t  c a l c u l a t i o n  o f  t h e  values  o f  charac 


t e r i s t i c  i n d i c a t o r s  near  t h e  c r i t i c a l  values  of parameter A .  Analysis i s  


performed for t h e  f i rs t  areas  of  i n s t a b i l i t y  of simple and combination para 


metric resonances.  I t  i s  demonstrated t h a t  by a t t a c h i n g  a dynamic damper t o  


t h e  rod,  w e  produce, i n  p l a c e  o f  a s i n g l e  a rea  o f  simple parametr ic  resonance 


f o r  t h e  case o f  a system without a damper, two areas  of simple parametr ic  


resonance and one a rea  of summary combination resonance. By proper s e l e c t i o n  


of  adjustment o f  t h e  damper K / Q  1’ w e  can achieve a placement of a reas  of simple /E 

and combination parametr ic  resonances such t h a t  a t  what were t h e  c r i t i c a l  f r e  


quencies of  t h e  system without t h e  damper, i n s t a b i l i t y  occurs only when a 


c e r t a i n  load l e v e l  i s  achieved. Consideration of damping leads t o  r i s i n g  of 


t h e  a reas  of i n s t a b i l i t y  above t h e  a b s c i s s a .  


111 



STUDY OF NOISE AND VIBRATION UPON IMPACT-- -~~ . .  . . . . . . . 

Yu. D .  Valanchauskas (Kaunas) 

Pulse-type loads occur i n  t h e  opera t ing  condi t ions of  many modern machines 

and mechanisms. 

This r e p o r t  analyzes a method f o r  s tudying t h e  free impact o s c i l l a t i o n s  

and noise  c h a r a c t e r i s t i c s  o f  a rod device.  

A s p e c i a l  s tand  was constructed f o r  performance o f  t h e  experiments.  

During t h e  experimental  s t u d i e s ,  t h e  f o r c e  of  impact,  motion o f  c o l l i d i n g  

masses and noise  were measured. 

The d a t a  were recorded magnet ical ly .  Subsequent process ing  of r e s u l t s  was 
performed using e l e c t r o n i c  computer equipment. The t r a n s f e r  func t ion  found 

between v i b r a t i o n  and noise  can be used i n  t h e  diagnosis  of machines and 

mechanisms. 
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-THEORY OF MULTICHANNEL COMPENSATION SYSTEM FOR OSCILLATIONS I N  STRUCTURE (FIELD). - -
OF ARBITRARY FORM 

B ,  D. T a r t  akovskiy (Moscow) 

The p o s s i b i l i t i e s  of using r a d i a t i n g  systems f o r  compensation of o s c i l l a t i o n s  

a t  any number of  p o i n t s  i n  a s t r u c t u r e  ( f i e l d )  of a r b i t r a r y  form a r e  s t u d i e d .  

The compensating o s c i l l a t i o n s  ( f i e l d )  are considered known, ass igned from with

out  o r  developing within t h e  s t r u c t u r e .  Limitat ions of  l i n e a r i t y  a r e  placed on 

t h e  t ransmission of  o s c i l l a t i o n s  through t h e  s t r u c t u r e  (on t h e  t ransmission o f  

waves i n  t h e  medium) and on t h e  conversion of  s i g n a l s  i n  electromechanical 

channels and ampl i f ie rs .  Forward and reverse  design of  t h e  electromechanical 

compensation system a r e  performed. I n  order  t o  provide t h e  requi red  compensa

t i o n  o f  o s c i l l a t i o n s  of t h e  s t r u c t u r e  (sound f i e l d )  a t  a c e r t a i n  ( a r b i t r a r y )  /E 
number of  p o i n t s  i n  t h e  s t r u c t u r e  (sound f i e l d )  a t  one o r  more f requencies ,  

t h e  necessary parameters of  t h e  electromechanical multichannel feedback system 

a r e  s t u d i e d .  The d a t a  produced a r e  used f o r  determination of o s c i l l a t i o n s  of 

t h e  s t r u c t u r e  (sound f i e l d )  o u t s i d e  t h e  t e s t e d  p o i n t s  i n  t h e  mechanical system, 

providing f o r  a f i x e d  a t t e n u a t i o n  o f  o s c i l l a t i o n s  a t  t h e  s e l e c t e d  t e s t  p o i n t s ,  

loca ted  a t  t h e  l i m i t  o r  ou ts ide  t h e  s t r u c t u r e .  After c a l c u l a t i o n  of  parameters 

of t h e  multichannel feedback system, t h e  a reas  of compensation of o s c i l l a t i o n  

and zoaes of  t h e i r  ampl i f ica t ion  a r e  determined, a s  w e l l  a s  condi t ions  l i m i t i n g  

au toexci ta t ion  of  t h e  multichannel feedback system. The theory developed i s  

formally l imi ted  t o  t h e  a rea  of  l i n e a r  t r a n s f e r  func t ions ,  but  can be extended 

t o  a broader  c l a s s  of func t ions .  

The p r i n c i p a l  equations o f  t h e  theory developed a r e  : 

1. 	The r e l a t i o n s h i p  between o s c i l l a t i o n s  U a t  t e s t  p o i n t s  Z and o s c i l l a t i o n s  r r 
V .  a t  p o i n t s  of a p p l i c a t i o n s  of  f o r c e  by sensors  i n  system Y i 

n 

v i x i , =  -( 1  -a,)u, 
i =  I 

(where xir i s  t h e  t r a n s f e r  func t ion  of t h e  s t r u c t u r e ,  

a i s  t h e  requi red  degree of  a t t e n u a t i o n ) ,r 
allowing us t o  determine 
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Placing a d d i t i o n a l  condi t ions  on t h e  frequency c h a r a c t e r i s t i c s  o f  t h e  e l e c t r o 

mechanical channels o f  t h e  system, w e  can determine t h e  condi t ions  of  se l f -

e x c i t a t i o n  of  t h e  multichannel feedback system and thus  l i m i t  t h e  maximum 

values  of  compensation o f  o s c i l l a t i o n s  o f  t h e  s t r u c t u r e  a t  t h e  tes t  p o i n t s ,  

which may n o t  correspond with t h e  f i x e d  p o i n t s .  The primary q u a n t i t i e s  charac

t e r i z i n g  t h e  s t r u c t u r e  ( f i e l d )  i n  t h e  theory developed are t h e  t r a n s f e r  func

t i o n s  K i j ;  xir, r e l a t i n g  t h e  values  of o s c i l l a t i n g  parameters a t  p o i n t s  of  

e x c i t a t i o n  o f  o s c i l l a t i o n s  Y .
1 

by t h e  r a d i a t o r s  o f  t h e  feedback system with t h e  

o s c i l l a t i n g  parameters Vi, Vr a t  p o i n t s  o f  placement of r e c e i v e r s  x and cor
j

respondingly a t  t h e  t es t  p o i n t s  Zr' 

By represent ing  t h e  o s c i l l a t i n g  parameter o f  t h e  primary f i e l d  through U 
j

and U r ,  t h e  requi red  degree of a t t e n u a t i o n  by c1r' we produce t h e  r e l a t i o n s h i p  
n

C v i x i r =  - ( I  -a,) wr, 
i=  1 

al lowing us t o  determine t h e  necessary parameter of compensation o s c i l l a t i o n s  /E 

Since 
n n 


then from t h e  equat ion m 

j = l  

r e l a t i n g  t h e  o s c i l l a t i n g  parameters Vi' crea ted  by t h e  electromechanical feed

back channels,  t o  t h e  summary o s c i l l a t i o n s  a t  p o i n t s  of  r e c e p t i o n  U + U 
j j

through t h e  c o e f f i c i e n t s  o f  conversion of  t h e  electromechanical  feedback 

channels "ij,  we can determine t h e  values of $I i j  and f u r t h e r  o f  t h e  f i e l d  

c rea ted  by t h e  system o u t s i d e  t h e  t es t  p o i n t s  (V
P
) ,  expressing it through t h e  

values  a t  t h e  f i x e d  t e s t  p o i n t s  

The condi t ions o f  s e l f - e x c i r a t i o n  of  a multichannel system and o t h e r  necessary 

c a l c u l a t i o n  parameters a r e  correspondingly determined. 
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CERTAIN TYPES OF MULTICHANNEL SYSTEMS FOR~~ COMPENSATION OF STRUCTURAL OSCILLA.. . . .  ~ . .  . . _  . ~ ~ . . . . .
TIONS 

B.  D. Tartakovskiy (Moscow) 

The p rope r t i e s  of  multichannel systems used i n  c e r t a i n  cases  when it i s  ex

pedient  t o  s impl i fy  a feedback system are s tud ied .  The compensated o s c i l l a t i o n s  

o f  t h e  s t r u c t u r e  (sound f i e l d )  a r e  not  made s p e c i f i c ,  which allows the  genera

l i t y  of t h e  r e s u l t s  produced t o  be  r e t a ined  and allows them t o  be  used when 

feedback systems a r e  used f o r  var ious  s p e c i f i c  purposes ,  Multichannel compen

s a t i o n  systems of  t h e  fol lowing types are s tud ied :  

.I .  System cons i s t ing  . . .  i d e n t i c a l  .receivers .and .senso r s ,  -symmetrically 10- /%. . . . . - . of  . .  . _ _ .  . . . . .  . . ~ .  . .~.~ 

cated i n  a homogeneous s t r u c t u r e  ( f i e l d ) ,  By in t roducing  c e r t a i n  average pa ra 

meters o f  t he  system and s t r u c t u r e  ( cha rac t e r i z ing  t h e  se t  o f  channels of  t h e  

system), t he  e n t i r e  system can be represented  by a c e r t a i n  equivalent  feedback 

channel. 

11. System with sepa ra t e  conver te rs .  In  t h e  general  case ,  systems cons i s t ing  

of  n r a d i a t o r s  and m r ece ive r s ,  connected by mn independent e l e c t r i c  channels 

charac te r ized  by conversion f a c t o r s  

vij; i =  1 + r i ;  j =  1 t i n '  

t h e  number of  converters  i s  mn. I t  i s  demonstrated t h a t  when conver te rs  (Ji j  
a r e  divided i n t o  two groups: (J. and (J. with t h e  corresponding commutation, each 

1 J 
o f  t he  r ece ive r s  can be  connected with each r a d i a t o r  without  decreasing t h e  

g e n e r a l i t y  while reducing t h e  number o f  conver te rs  by a f a c t o r  of mxn m + n' 
..111. System with e l e c t r i c a l l y  i n s u l a t e d  channels .  By e l imina t ing  e l e c t r i c a l  

cross  connection ( i  # j )  i n  a system of genera l  form (Ji j  ( t , j - n )  , we produce a 

system which cons i s t s  o f  n s ingle-channel  subsystems ( interconnected by os 
c i l l a t i o n s  of  t h e  s t r u c t u r e  ( f i e l d ) ) .  The formulas f o r  c a l c u l a t i o n  of t h i s  

system a r e  s i g n i f i c a n t l y  s impl i f i ed  s i n c e  i t s  p o s s i b i l i t i e s  f o r  compensation 

o f  o s c i l l a t i o n s  are comparatively l i t t l e  l imi t ed  i n  comparison t o  a genera l  

system. If system I11 c o n s i s t s  o f  i d e n t i c a l  l i n k s  (system IV), t h e  r e s u l t s  of 

ca l cu la t ion  become even more access ib l e  f o r  ana lys i s .  

Multichannel systems with a s i n g l e  r e c e i v e r  and many r a d i a t o r s  , with many 

r ece ive r s  and one r a d i a t o r ,  as well as systems i n  which r a d i a t o r s  and receivers 
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a r e  combined, systems of sensors  and cont ro l  p o i n t s ,  r ece ive r s  and cont ro l  

p o i n t s ,  as w e l l  as  s enso r s ,  r ece ive r s  and con t ro l  p o i n t s  a r e  a l s o  analyzed. 

The o s c i l l a t i o n  equat ions produced f o r  t hese  systems f o r  t h e  combination of 

s t r u c t u r e  p lus  feedback system a r e  analyzed t o  determine the  requi red  para

meters of t he  system t o  provide f i x e d  compensation a t  t e s t  po in t s  and condi

t i o n s  f o r  prevent ing  s e l f - e x c i t a t i o n  o f  t h e  system. These.problems a r e  i l l u s 

t r a t e d  by ca l cu la t ion  expressions f o r  a two channel system ( regard less  of t he  

type of o s c i l l a t i o n s  o f  t h e  concrete  s t r u c t u r e  [ f i e l d ] ) .  The r e s u l t s  produced 

can be used f o r  composition of an algorithm f o r  con t ro l  of  a feedback system i n  

a d i g i t a l  computer. 
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MEASUREMENT OF THE ATTENUATION FACTOR I N  OSCILLATING SYSTEMS 

A. I .  Vyalyshev and B. D.  Tartakovskiy (Moscow) 

The method suggested allows t h e  a t t enua t ion  f a c t o r  of  systems with l a r g e  /E 
l o s ses  t o  be  determined. I t  i s  based on determinat ion of  t h e  s h i f t  i n  resonant  

f requencies  i n  t h e  mode of  measurement o f  displacement,  t h e  o s c i l l a t i n g  velo

c i t y  and acce le ra t ion .  By using r e l a t i o n s h i p s  f o r  resonant f requencies  of  t h e  

o s c i l l a t i n g  system, the  requi red  formulas can be produced f o r  determinat ion o f  

t h e  a t t enua t ion  f a c t o r .  

The a t t enua t ion  f a c t o r  o f  an ac tua l  system may have an a r b i t r a r y  frequency 

dependence, bu t  i nd iv idua l  s e c t o r s  o f  t h e  c h a r a c t e r i s t i c  can be  approximated 
by s t r a i g h t  l i n e s ,  corresponding t o  var ious  types  of  l o s s  i n  t h e  system. Three 

models o f  frequency dependence of  t h e  d i s s i p a t i v e  fo rce  are used: R - d;  R - v;  

R - a. Each model corresponds t o  i t s  own formulas,  determining t h e  a t t enua t ion  

f a c t o r s  
-
Character
istic of 
Losses 

q =  


-

? =  

'1= 

-

. 

. .  . 

R - v  R - a  

. ..- .  - I 

. _ _ t. .  

Using these  formulas,  w e  can a l s o  determine the  form of  lo s ses  i n  t h e  

system. 

This method i s  convenient f o r  measurement of  t h e  a t t enua t ion  f a c t o r  not  

only f o r  concentrated but  a l s o  f o r  d i s t r i b u t e d  systems. In  t h e  l a t t e r  case,  

t h e  problem i s  complicated by simultaneous e x c i t a t i o n  o f  a number o f  modes. 

In connection with t h i s ,  cor rec t ions  which depend on t h e  form a f  t h e  specimen 

and type o f  o s c i l l a t i o n s  exc i t ed  must be considered.  
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The l o s s  f a c t o r  o f  a damped rod with f r e e  ends was determined, i n  which /g 
bending o s c i l l a t i o n s  were exc i ted .  The measurements were performed i n  t h r e e  

frequency ranges: 72-76 H z ,  126-132 H z  and 278-287 H z .  Using t h e  values  of 

resonant f requencies  produced, t h e  corresponding a t t e n u a t i o n  f a c t o r s  were c a l 

cu la ted .  For comparison, t h e  a t t e n u a t i o n  f a c t o r s  were a l s o  c a l c u l a t e d  on t h e  

b a s i s  of  t h e  width o f  t h e  resonant  peak 

!I Resonant a rea  ' By width:  By 
of oeak ! formula 

I 72-76 Hz 0.19 ! 0.17 I 

-. I 
- .  'I-- 125-132 H z  - j  0.22 0.2 1 

,- __.-. . 1 278-287 Hz j 0.26 0.21 
~ . -. - I - . .. .- . . . . 

A s  t h e  losses  increase ,  t h e  divergence between t h e s e  r e s u l t s  increases  as 

a r e s u l t  o f  t h e  nonproport ional  increase  i n  t h e  width of t h e  resonant  peak, 

as a r e s u l t  of which t h e  value o f  t h e  a t t e n u a t i o n  f a c t o r  determined by t h e  

ordinary approximate method i s  increased.  
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STUDY OF DYNAMIC PULSE TYPE LOADS TRANSMITTED TO FOUNDATION BY NEW TYPES OF . . . . . . . . . . . . . . . . . . . - - . . . ....-
SHUTTLELESS-LOOMS-


Ya. I .  Kori tysskiy and R. I .  Suchkova (Moscow) 


In  connection with t h e  reequipping of  t e x t i l e  e n t e r p r i s e s  with progress ive  

equipment, i n  p a r t i c u l a r  new types o f  looms, t h e  n e c e s s i t y  a r i s e s  o f  developing 

methods o f  determining t h e  peak dynamic loads t ransmi t ted  by t h e  machines t o  

t h e  foundation. 

Together with t h e o r e t i c a l  methods, an experimental  method i s  developed, /E  
based on determinat ion of loads us ing  force  measuring devices introduced as 

supports  between t h e  foundation and t h e  base of t h e  machine. 

I n  order  t o  record  loads with minimum dynamic d i s t o r t i o n ,  t h e  machine-

force  meter system must s a t i s f y  t h e  requirements placed on q u a s i - s t a t i c  i n s t r u 

ments. I n  recording t h e  loads from s h u t t l e  type looms with a four - l ink  d r i v e  

of t h e  s l a y ,  t h e  s e l e c t i o n  of f o r c e  meter parameters represents  no d i f f i c u l t i e s ,  

s i n c e  t h e  r u l e  o f  change of t h e  per turb ing  func t ion  i s  p e r i o d i c  and can be rep

resented as a sum of s e v e r a l  harmonics. 

This problem i s  more d i f f i c u l t  t o  so lve  when force  meters a r e  used f o r  new 

types of machines with cam-driven s l a y ,  t h e  opera t ion  of which e x c i t e s  p u l s e  

type loads.  

This repor t  p r e s e n t s  an opera t iona l  method of eva lua t ing  t h e  dynamic losses  

of instruments ,  i n  which due t o  incomplete damping t h e  t r a n s f e r  func t ion  has 

s i g n i f i c a n t  o s c i l l a t i o n s .  This method i s  p a r t i c u l a r l y  convenient f o r  cases  

when t h e  na ture  of t h e  per turb ing  func t ion  is  known only approximately i n  t h e  

form o f  an approximate graph. Recommendations a r e  presented fo r  s e l e c t i o n  o f  

dynamic c h a r a c t e r i s t i c s  of t h e  system of  machine force  meters and parameters of 

t h e  meters.  
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DAMPING OF OSCILLATIONS OF RODS BY ELECTROMECHANICAL FEEDBACK 

S. S. Korablev and V. I .  Shapin (Ivanovo) 

R e g u l a r i t i e s  are found, explaining t h e  opera t ing  p r i n c i p l e  of  a c o n t r o l l a b l e  

electromechanic o s c i l l a t i o n  damper opera t ing  over a broad frequency range. 

Figure 1 shows one p o s s i b l e  p lan  f o r  t h e  o s c i l l a t i o n  damper f o r  a rod.  The 

f i g u r e  shows a rod of cons tan t  c ross  s e c t i o n  F and length 2. 

The f i g u r e  shows t h e  c o n t r o l  c i r c u i t ,  represented  as a combination of  ele

ments L ,  R ,  C ,  an a m p l i f i e r  with gain f a c t o r  S and a c t u a t i n g  element AE, con

t a i n i n g  two electromagnets with a t o t a l  c learance o f  A .  (The inductance of  

t h e  power winding of  t h e  AE i s  L 0’ t h e  r e s i s t a n c e  i s  R o . )  

I2 

Figure 1. 

On t h e  assumption t h a t  wi th in  c e r t a i n  l i m i t s  o f  t ens ion  and magnetic 

c h a r a c t e r i s t i c s  t h e  AE can be looked upon as  a l i n e a r  quadrupole and t h e  
opera t ing  mode of  t h e  a m p l i f i e r  and t h e  AE i s  f a r  from s a t u r a t i o n ,  a mathema
t i c a l  model i s  constructed:  

dY dz(x,. I )  du dI;-4 t+ 4Y + u par-=(s- 1 ) L -+(s- 1) L -+(s- 1) R, y
dt dt 

= UYS (x  -SI) +P ( t )  6 (x -.h) 
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Here z ( x , t )  i s  a genera l ized  coordinate ,  determining t h e  v e r t i c a l  displacement 

of  t h e  rod, I) i s  t h e  c u r r e n t  i n  t h e  cont ro l  c i r c u i t ,  y i s  t h e  cur ren t  i n  t h e  

anode c i r c u i t ,  P ( t )  i s  t h e  harmonic per turb ing  f o r c e ,  Q i s  t h e  resis

tance  f o r c e  t o  o s c i l l a t i n g  motion, U i s  t h e  c o e f f i c i e n t  of  electromechanical 

coupling, 6 (x,) , 6 (x1) a r e  t h e  d e l t a  func t ions .  The v i b r a t i o n - i n s u l a t i o n  con

d i t i o n s  o f  t h e  o b j e c t  (rod) a r e  produced i n  t h e  form: 

Here t h e  s u b s c r i p t  j corresponds t o  t h e  o r d i n a l  number of  t h e  n a t u r a l  form of  
-+

o s c i l l a t i o n s  o f  t h e  rod; y,$.
I 

are t h e  complex values  o f  cur ren t  i n  t h e  anode 

c i r c u i t  and t h e  p e r t u r b i n g  f o r c e ,  u . ( x  ) and u . ( x  ) a r e  t h e  values  o f  t h e  beam /%I 1  I o  
funct ions o f  t h e  rod a t  x = x 1 and x = x0’ Zel = Z X 

are t h e  e l e c t r i c a l  impe

dances of t h e  AE and cont ro l  c i r c u i t .  Thus, i n  order  t o  decrease v i b r a t i o n  i t  

i s  necessary t h a t  t h e  e l e c t r i c a l  impedances of  t h e  cont ro l  c i r c u i t  Z e l  and 

converter  Z e l  be equal i n  magnitude and opposite i n  s i n e .  

The complex expression of  t h e  amplitude of  displacement of t h e  rod is :  

where 

Here c1
SUP 

i s  t h e  supplementary damping introduced t o  t h e  system and determining, 

b a s i c a l l y ,  t h e  e l e c t r i c a l  parameters of  t h e  AE on t h e  cont ro l  c i r c u i t ,  w i s  
j

t h e  frequency of n a t u r a l  o s c i l l a t i o n s  of t h e  r o d ,  n i s  t h e  p a r t i a l  frequency of 

t h e  e l e c t r i c a l  c i r c u i t .  As t h e  number of t h e  n a t u r a l  form of o s c i l l a t i o n s  i n 

creases ,  t h e  value o f  a
SUP 

decreases .  consequently,  t h e  e f f e c t i v e n e s s  of 

damping o f  o s c i l l a t i o n s  of t h e  rod i s  a l s o  decreased. 

Figure 2 shows t h e  c a l c u l a t e d  (continuous) and experimental  (dot ted l i n e s )  /% 
amplitude-frequency c h a r a c t e r i s t i c s  of  t h e  rod and notes  t h e  decreased l e v e l  

of  v i b r a t i o n s .  The frequency of t h e  e l e c t r i c a l  c i r c u i t  was tuned t o  t h e  f re

quency of t h e  per turb ing  f o r c e ,  while  t h e  AE was placed i n  t h e  antinodes of t h e  

1 2 1  



corresponding forms o f  o s c i l l a t i o n  o f  t h e  rod. 

I 

Ij/

I 


J.5 ( I  (# 

Figure 2 .  
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- . .VIBRATION AT INDUSTRIAL ENTERPRISES OF THE LITHUANIAN SSRSTUDY OF NOISE I N  .  . 

Yu. D. Valanchyaukas, M.  E .  Akelis and V .  K .  Naynis (Kaunas) 

The study of  product ion n o i s e  and v i b r a t i o n s  a t  i n d u s t r i a l  e n t e r p r i s e s  of  

t h e  Republic has  shown t h a t  i n  designing new machines and equipment, i n  planning 

new production bui ld ings  and technological  processes ,  t h e  new methods of con

t r o l l i n g  noise  and v i b r a t i o n  are s t i l l  n o t  being s u f f i c i e n t l y  u t i l i z e d .  

A t  newly constructed enterprises,  i n  many work areas  t h e  noise  and v ibra

t i o n  exceed t h e  l e v e l  permiss ib le  by t h e  s a n i t a r y  norms. The s i t u a t i o n  i s  

s i m i l a r  i n  recons t ruc ted  e n t e r p r i s e s  i n  t h e  Republic. 

Inves t iga t ions  show t h a t  t h e  n o i s i e s t  e n t e r p r i s e s  i n  t h e  Republic a r e  t h e  

t e x t i l e  and cons t ruc t ion  materials e n t e r p r i s e s ,  and t h a t  forging-pressing,  

metal working and sh ipbui ld ing  shops have high noise  leve l  and high l e v e l s  of  

v i b r a t i o n s .  

A t  most e n t e r p r i s e s ,  compressor devices a r e  b u i l t  i n t o  production rooms, 

and i n  some cases even i n t o  adminis t ra t ive  rooms. Sound i n s u l a t i n g  mater ia l s  

a r e  r a r e l y  used i n  t h e  cons t ruc t ion  of a i r  d u c t s .  

The work of c o n t r o l l i n g  t h e  harmful e f f e c t s  of  production noise  and v ibra

t i o n  a t  e n t e r p r i s e s  of  t h e  Republic should b e  performed i n  t h e  following a r e a s :  

F i r s t  of a l l ,  decreasing n o i s e  and v i b r a t i o n  a t  t h e  source using technologica l ,  

design and opera t iona l  measures; secondly, decreasing t h e  in te - - . s i ty  of no ise  

and v i b r a t i o n  by sound and v i b r a t i o n  absorbers ,  and t h i r d l y ,  by using i n d i 

vidual  p r o t e c t i o n  f o r  workers. 
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-- DEVELOPMENT O F  MULTIFUNCTIONAL VIBRATLON MEASURING INSTRUMENT ~.. . . . .  . . -.. . . . .  . . . . . . . . .  -

Sh. M. Chabdarov, Ya. S .  Uretskiy and V .  V.  Leont'yev (Kazan') 

A mul t i func t iona l  instrument  has  been developed and manufactured. The de- /E 
v i c e  al lows a broad class o f  o s c i l l a t i o n  forms used i n  v i b r a t i o n  t e s t i n g  t o  be 

modeled. 

The device inc ludes :  

--a tunable  harmonic genera tor ;  

--a polyharmonic gene ra to r ;  

--an osc i l l a t ing - f r equency  genera tor  with tunable  middle frequency, band of  

o s c i l l a t i o n  and o s c i l l a t i n g  r a t e ;  

--a white  no i se  genera tor ;  

--a v i b r a t o r  amplitude- frequency c h a r a c t e r i s t i c  e q u a l i z e r  ; 

--a wide band random v i b r a t i o n  former with the  r equ i r ed  spectrum. 

The r epor t  analyzes  methods o f  forming wide band random v ib ra t ions  with the  

requi red  s p e c t r a l  c h a r a c t e r i s t i c s .  

A l i n e a r  loca l -g loba l  method o f  forming random v i b r a t i o n s  with t h e  requi red  

spectrum i s  suggested,  based on sepa ra t e  formation o f  t h e  wide band po r t ion  o f  

t h e  spectrum and narrow band peaks and drops i n  t h e  spectrum with subsequent 

add i t ion  o f  t he  s i g n a l s  formed. 

Formation of  t h e  even po r t ion  of  t h e  spectrum i s  performed by a wide band 

ampl i f i e r  with ad jus t ab le  co r rec t ions  i n  t h e  low and high frequency a reas ,  

while  formation of  narrow band peaks and drops i n  the  spectrum i s  performed 

by s e l e c t i v e  ampl i f i e r s ,  and t h e  use of cophase-antiphase add i t ion  allows 

t h e  number of  s e l e c t i v e  ampl i f i e r s  t o  be  reduced and formation o f  peaks and 

drops t o  be  performed by t h e  same func t iona l  u n i t s .  
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THE PROBLEM OF PERFORMING STUDIES OF____ ~-HARMONIC LOADS AND LOADS WHICH ATTENUATE 
WITH TIME 

V. V.  Karamyshkin (Moscow) 

Under a c t u a l  condi t ions ,  an ob jec t  being t e s t e d  i s  acted upon by a complex 

form o f  load o r  kinematic  e x c i t a t i o n ,  and it  would be i d e a l  t o  reproduce t h e s e  

e x c i t a t i o n s  i n  experiments i n  o rde r  t o  p l a c e  t h e  t es t  ob jec t  under condi t ions 

as c lose  as p o s s i b l e  t o  a c t u a l  opera t ing  condi t ions .  Due t o  t echn ica l  d i f f i 

c u l t i e s ,  tests a r e  gene ra l ly  l imi t ed  t o  simple forms o f  dynamic loading--

harmonic o s c i l l a t i o n s ,  f ree  a t t enua t ion  o f  o s c i l l a t i o n s  ( i n  p a r t i c u l a r  from an 

impact) .  

I t  i s  assumed t h a t  a system being s tud ied  can be  represented  as a c e r t a i n  

number o f  concentrated masses, connected with massless e l a s t i c  elements.  I t  i s  

f u r t h e r  assumed t h a t  experimental  d a t a  are ava i l ab le  on the  amplitudes of  os 

c i l l a t i o n s  a t  f ixed  frequencies  a t  a number of p o i n t s  i n  t h e  system being 

s tud ied  and t h a t  we must f ind  a t  which p o i n t s  of  the  system harmonic e f f e c t s  must 

be appl ied  t o  i n  order  t o  reproduce the  measured amplitudes.  In  t h e  case o f  

polyharmonic o s c i l l a t i o n s  , based on the  p r i n c i p l e  of  superpos i t ion ,  t h e  motion 

must be  s tud ied  ind iv idua l ly  with r e spec t  t o  each frequency. The d i f f e r e n t i a l  

equat ions of motion of t he  system i n  t h e  form solved r e l a t i v e  t o  high order  

de r iva t ives  are w r i t t e n  as 
n 

+cskse)=Q, sin (of171, s, + (bskik +9,) (s = 1 ,  2, . . . , 1 1 ) .  

k - l  (1) 

where w i s  t h e  o s c i l l a t i n g  frequency, Q i s  t h e  amplitude o f  t he  summary a c t i o n  
S 

on t h e  s - t h  mass o f  t h e  system, c $ ~i s  t h e  phase s h i f t  of  t h e  summary ac t ion .  

Replacing t h e  r i g h t  p o r t i o n  of  (1) with Q ei(wt + and seeking the  s o l u t i o n  
S 

i n  t h e  form 

X,= .Uscia' 
( 2 )  

we come t o  a system o f  a l g e b r a i c  equat ions f o r  t he  complex o s c i l l a t i n g  ampli

tudes 
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where w e  represent  ps k  = iwb sk + csk’  k = 1, 2 ,..., n ,  P 
S 

= Q
S 
ei’S. The de

s i r e d  s o l u t i o n  w i l l  be  t h e  imaginary p o r t i o n  o f  expression ( 2 ) .  

Abstract ing t h i s ,  we can look upon system (3)  as a c e r t a i n  l i n e a r  t ransform 

o f  v a r i a b l e s  Ps t o  v a r i a b l e s  X . Solving t h e  system (3) (which corresponds t o  
S 

an inverse  t ransform),  w e  produce t h e  expression 

n 


According t o  t h e  theory of l i n e a r  t ransforms,  t h e  va lues  o f  X a r e  determined 
S 

unambiguously only i f  t h e  number of  e x t e r n a l  a c t i o n s  Pk i s  equal  t o  t h e  number 

of p o i n t s  a t  which t h e  d e s i r e d  amplitudes a r e  e x c i t e d .  Analyzing ( 3 ) ,  w e  can 

produce condi t ions f o r  determinat ion of t h e  minimum number of  e x c i t e r s .  I n  /E 
place  o f  t h e  q u a n t i t i e s  X j ’  X r ,  f o r  example, w e  can analyze wX j ’  w 

2X r’ cor res 

ponding t o  reproduction of t h e  d e s i r e d  v e l o c i t y  i n  a c c e l e r a t i o n  of  t h e  j - t h  and 

r - t h  masses r e s p e c t i v e l y .  The s t r u c t u r e  o f  t h e  equat ions i s  n o t  changed. 

S imi la r  d i scuss ions  a r e  performed f o r  beams with concentrated loads .  

Free o s c i l l a t i o n s  of a system with one degree of  freedom a r e  descr ibed by 

t h e  expression 

x=  e-rr ( A  sin wt +Bcos at). (5) 

The independent parameters here  a r e  n ,  A and B .  Suppose t h e  q u a n t i t y  w i s  

s e l e c t e d  approximately as concerns t h e  n a t u r e  o f  t h e  curve reproduced. Then 

due t o  t h e  s e l e c t i o n  of  n,  A and B ,  we can produce t h e  d e s i r a b l e  displacement 

only a t  t h r e e  s e l e c t e d  moments i n  t ime. The motion caused by t h e  pulses  i s  

added t o  t h e  free a t t e n u a t i o n .  

Each in te rmedia te  instantaneous p u l s e  adds two independent parameters--the 

i n t e n s i t y  and a p p l i c a t i o n  time of  t h e  pulse--and t h e  p o s s i b i l i t y  appears of  

assur ing  t h e  d e s i r e d  displacement a t  two more moments i n  time. 
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~ . _ _NEW DEVELOPMENTS OF VIBRATION-MEASURING DEVICES WITH EXPANDED FREQUENCY RANGE 

V. I .  Petrovich (Moscow) 

The frequency range of vibration-measuring apparatus with i n e r t i a l  v i b r a t i o n  

sensors  i s  determined by t h e  frequency c h a r a c t e r i s t i c s  of t h e  seismic system of 

t h e  v i b r a t i o n  sensor .  The dynamic range of such v i b r a t i o n  sensors ,  t h e  seismic 

system of which opera tes  i n  t h e  vibrometer mode, def ined as  t h e  r a t i o  of t h e  

frequency o f  h ighes t  resonances t o  n a t u r a l  frequency, does n o t  exceed 20. 

We can expand t h e  dynamic range using p o s i t i v e  feedback with respec t  t o  

displacement (+OCC). The n a t u r a l  frequency of a v i b r a t i o n  sensor  with +OCC 

w i l l  be:  fi =l/fSt, 
where 	f 0 i s  t h e  n a t u r a l  frequency of  t h e  seismic system without +QCC 

f 1 is t h e  n a t u r a l  frequency o f  t h e  seismic system with +OCC 

a i s  t h e  c o e f f i c i e n t  of depth of t h e  +OCC, 

then t h e  dynamic range of t h e  v i b r a t i o n  sensor  with +OCC i s  def ined by t h e  ex

press  ion 
/E 


from which w e  see t h a t  with increas ing  depth a, t h e  dynamic range of  t h e  v i b r a 

t i o n  sensor  i n c r e a s e s .  

K = s p r i n g  
n = damper 
m = o s c i l l a t i n g  mass 
k = working c o i ldivider P 

0 6k = feedback c o i l  

Figure 1. Diagram of  Vibrat ion Sensor 
with +OCC. 

A schematic diagram of  a v i b r a t i o n  sensor  with +OCC i s  shown on Figure 1, 

t h e  frequency c h a r a c t e r i s t i c s  of  a v i b r a t i o n  sensor  with +OCC and without +OCC 

a r e  shown on Figure 2 .  
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Figure 2.  Amplitude-Frequency C h a r a c t e r i s t i c s  o f  
VD-6 Vibra t ion  Sensor.  1, With +OCC; 2 ,  Without 
+occ. 

Using +OCC, t h e  frequency range can be expanded by approximately f i v e  times. 

Fur ther  expansion of  t h e  frequency range i s  l imi t ed  by condi t ions  o f  

s t a b i l i t y  . 
The new BIP-6 vibrat ion-measuring apparatus has  been developed, us ing  /E 

v i b r a t i o n  sensors  with +OCC, opera t ing  i n  t h e  6-350 HZ frequency range i n  
t h e  1-2000 p amplitude range.  

I t  should be noted t h a t  expansion of t h e  frequency range us ing  +OCC i s  not 

accompanied by a change i n  s e n s i t i v i t y  o f  t h e  senso r .  
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STUDY AND ELIMINATION OF INFLUENCE OF PRESSURE OSCILLATIONS I N  PIPE.SYSTEMS ON 
OPERATING. .PROCESS AND VIBRATION OF. ELE-MENTS. OF- PISTON COMPRESSOR~. . . . .  . . -. . . STATION 

V. A. Malyshev, B.  M.  P i sarevskiy  and V. M .  P i sarevskiy  (MOSCOW) 

1. In o rde r  t o  e l imina te  t h e  harmful in f luence  o f  pu l sa t ing  gas  flow, 

s p e c i a l  p re s su re  p u l s a t i o n  damping apparatus  is  included i n  p ipe l ines .  

However, i t s  e f f e c t i v e n e s s  i s  q u i t e  low, s i n c e  t h e  damping i n s t a l l a t i o n s  

do not  inc lude  devices  f o r  ana lys i s  of  t h e  inf luence  of  changes i n  t h e  charac

te r i s t ics  of  t h e  p u l s a t i n g  gas flow on t h e  opera t ing  process  and ope ra t iona l  

c h a r a c t e r i s t i c s  o f  t h e  p i s t o n  compressor s t a t i o n .  

A method is  suggested al lowing t h e  in f luence  of  pu l sa t ing  gas flow on t h e  

opera t ing  process  t o  be  e l imina ted ,  cons i s t ing  i n  matching t h e  i n i t i a l  s e c t o r  

of  t h e  p i p e l i n e  system, i . e . ,  c r e a t i n g  a load a t  t he  end of  t h e  i n i t i a l  s e c t o r  

so t h a t  only t r a v e l i n g  waves can propagate i n  i t .  

The matching can be performed e i t h e r  by s e l e c t i n g  the  hydraul ic  r e s i s t a n c e  

o f  t he  hea t  exchanger o r  o i l  and water  s e p a r a t o r  elements of  t he  first techno

l o g i c a l  apparatus  so t h a t  t h e  s p e c i f i c  ( r e l a t e d  t o  t h e  a rea  of t h e  p ipe)  hy

d r a u l i c  r e s i s t a n c e  of  t h e  e n t i r e  apparatus  i s  equal t o  the  wave impedance o f  

t h e  p ipe ,  o r  by i n s t a l l i n g  an add i t iona l  element before  t h e  apparatus ,  t h e  

hydrau l i c  r e s i s t a n c e  o f  which, when added t o  t h e  hydrau l i c  resistance o f  t h e  

apparatus ,  is  equal t o  t h e  wave impedance o f  t he  p ipe .  One necessary condi t ion  

f o r  p o s s i b i l i t y  o f  matching i s  a predetermined volume o f  t h e  technologica l  

apparatus .  

Experimental i n v e s t i g a t i o n s  have ind ica t ed  t h a t  t h e  lo s ses  of  power t o  over

coming t'he add i t iona l  hydrau l i c  r e s i s t a n c e  providing f o r  matching o f  t h e  s e c t o r  

a r e  much l e s s  than t h e  power consumed f o r  compressing the  gas when in t ens ive  /E 
o s c i l l a t i o n s  of p re s su re  occur i n  t h e  p ipe .  When t h e  i n i t i a l  p re s su re  i s  

matched, t h e  in f luence  of  o s c i l l a t i o n s  o f  p re s su re  i n  p i p e l i n e  systems on the  

de l ive ry  of  t h e  i n s t a l l a t i o n  i s  a l s o  e l imina ted ,  v i b r a t i o n s  o f  t h e  p ipe  systems 

are s i g n i f i c a n t l y  reduced, loads on p a r t s  of compresser cy l inders  a r e  decreased,  

i . e . ,  t h e  r e l i a b i l i t y  o f  ope ra t ion  of  t h e  compressor apparatus  i s  increased .  
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ANALYSIS OF HYDRODYNAMIC N O I S E  A R I S I N G  A S  L I Q U I D  FLOWS OVER ROUGH SURFACES_ ~ _ - . . . - . - . - . . . . . . . -.. ... - . .. . . . . . . . . . ... . . . . . . . .. 

L .  A. S u l ' b i  (Tartu) 

A s  a l i q u i d  flows over  a rough s u r f a c e  (course f i n i s h i n g ,  e ros ion ,  s t e p s ,  

e t c . ) ,  turbulence and c a v i t a t i o n  arise, which a r e  f requent ly  sources  of  i n t e n 

s i v e  noise  and v i b r a t i o n .  

A c a v i t a t i o n  genera tor  (USSR Patent  No. 2378217) was used t o  s tudy  

hydraul ic  no ise  under var ious  flow condi t ions .  

The r e s u l t s  produced i n  t h e  s tudy o f  hydraul ic  n o i s e  a t  flows o f  up t o  

50 m/sec over  unevennesses o f  var ious shapes and s i z e s  can b e  used as a b a s i s  

f o r  a n a l y s i s  of t h e  opera t ion  of  hydraul ic  s t r u c t u r e s .  Comparison of t h e  com

p o s i t i o n  and i n t e n s i t y  o f  t h e  noise  spectrum allows us t o  make judgments con

cerning t h e  flow modes and condi t ion of  working s u r f a c e s  i n  i n s t a l l a t i o n s  

being t e s t e d .  
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METHOD AND INSTALLATION FOR STUDY OF PROCESSES OF VIBRATION MOVEMENTS OF PARTS . ~ . ~ - .. . . . . . .- . . . .. . . . . . . . . . . . 
AN.D. .A.c.c.oM.~~!.y ING P .~~E.~b-~ .NA; 

. . .  

V. A. Povidaylo and R .  I .  S i l i n  (L'vov) 

I n  order  t o  revea l  t h e  primary f a c t o r s  which have s i g n i f i c a n t  in f luence  on 

t h e  process  o f  v i b r a t i o n  movement of  a p a r t ,  a method was developed f o r  ex

perimental  s t u d i e s ,  al lowing t h e  wave p i c t u r e  o f  motion of  a p a r t  i n  each cyc le  / lo0
t o  be determined, allowing t h e  parameters o f  motion of  t h e  p a r t ,  inc luding  

phase angles of  s e p a r a t i o n  and encounter,  t h e  maximum separa t ion  of  t h e  p a r t  

from t h e  base and i t s  phase angle ,  t h e  presence and inf luence  of  attachment 

phenomena, t h e  inf luence  o f  e l a s t i c  impact on t h e  n a t u r e  and p i c t u r e  o f  motion 

of  t h e  p a r t ,  t o  be determined. 

The t o t a l  p i c t u r e  of  motion of  a p a r t  was produced by recording oscil lograms 

of  t h e  v e r t i c a l  and longi tudina l  displacements of  t h e  p a r t  r e l a t i v e  t o  t h e  base 

on t h e  tape  o f  a magnetoelectr ic  osc i l lograph ,  which required t h e  development of 

a s p e c i a l  i n s t a l l a t i o n  and v i b r a t i o n  measuring apparatus .  

The experimental i n s t a l l a t i o n  allowed simultaneous recording o f  t h e  o s c i l l a 

t i o n s  of t h e  base,  longi tudina l  displacement and motion i n  t h e  perpendicular  

d i r e c t i o n  of  t h e  p a r t  r e l a t i v e  t o  t h e  base f o r  severa l  cyc les .  The i n s t a l l a 

t i o n  i s  equipped with an automatic cont ro l  system, allowing recordings t o  be 

performed during s t a b l e  motion of  t h e  p a r t ,  and contains  a combination of  high 

frequency induct ive ,  induct ion  and p h o t o e l e c t r i c  sensors .  
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EXPERIMENTAL DETERMINATION OF CHANGES OF DYNAMIC CHARACTERISTICS OF HIGH-. . .  
SPEED ROTORS OPERATING . . . . .. . . MoUNTS--WITH- . . . .. .~.. . . . K ~ Z L L - ~ B E A R I N G - . . ~. . .  PASSAGE.OF-,TI&-. 

V. I .  Zdanavichyus and R .  Yu. Vansevichyus (Kaunas) 

The device and method developed allow t h e  in f luence  o f  t h e  p rope r t i e s  of  a 

bear ing  on o s c i l l a t i o n s  of t h e  r o t o r  i n  the  r a d i a l  and axi.al d i r e c t i o n s  t o  be  

determined, t h e  damping p r o p e r t i e s  of a hydrodynamic o i l  f i l m  t o  be  s tud ied  

and phenomena o f  s l i p p i n g  of bear ings  i n  l i g h t l y  loaded r a d i a l - t h r u s t  b a l l  

bear ings  t o  be s t u d i e d  a t  high s h a f t  r o t a t i o n  r a t e s .  In  o rde r  t o  s tudy  t h e  

motion o f  t h e  r o t o r  i n  b a l l  bear ings ,  condi t ions  are c rea t ed  i n  t h e  t es t  s tand  

nea r  t h e  n a t u r a l  condi t ions- -a  vacuum medium and high temperature .  

In  o rde r  t o  measure v i b r a t i o n s  and displacements of  t h e  r o t o r ,  con tac t l e s s  

capac i t i ve  d i f f e r e n t i a l  motion sensors  are used. Methods have been developed 

f o r  con tac t l e s s  measurement o f  t h e  r e s i s t a n c e  o f  a hydrodynamic a i l  f i l m  i n  

high-speed b a l l  bear ings  us ing  c i r c u l a r  capac i t i ve  cu r ren t  t a p s  and t r a n s 

mission of  cu r ren t  from t h e  r o t a t i n g  s h a f t  of  t h e  r o t o r  t o  t h e  bear ing  being 

t e s t e d  us ing  a s p e c i a l  photoelement. 

The method developed allows changes i n  dynamic p r o p e r t i e s  o f  t he  b a l l  / l o 1
I_ 

bear ing  as a r e s u l t  o f  weakening o f  t he  support  o f  t h e  bear ing  r i n g s ,  lack o f  

l u b r i c a t i o n ,  e tc .  , a r i s i n g  during r o t a t i o n  o f  t h e  r o t o r ,  t o  be  determine.:. 
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~~CALCULATION OF VIBRATIONS OF DISTRIBUTED ELASTIC SYSTEMS BY FINITE ELEMENTS 
METHOD 

V .  P .  Kandidov and L.  P .  K i m  (Moscow) 

1. I n  recent  y e a r s ,  t h e  method of f i n i t e  elements has  been developed f o r  

a n a l y s i s  of  t h e  v i b r a t i o n s  of d i s t r i b u t e d  systems and s t r u c t u r e s .  I n  t h i s  

method, t h e  system i s  divided i n t o  a s e t  of i t s  p a r t s ,  each of  which i s  re

placed by a c e r t a i n  model, c a l l e d  a f i n i t e  element (FE). I n  c o n t r a s t  t o  t h e  

s e c t o r  replaced,  t h e  FE has  a f i n i t e  number of  degrees o f  freedom. The defor

mation and p o s i t i o n  of t h e  FE i n  space are determined by t h e  v e c t o r  of general

i z e d  coordinates  s e t ) ,  t h e  components of which a r e  t h e  coordinates  o f  t h e  nodal 

p o i n t s ,  which a r e  common f o r  neighboring elements. The condi t ions of t h e i r  

attachment a r e  formulated a t  these  p o i n t s .  As  a r e s u l t ,  t h e  d i s t r i b u t e d  system 

becomes a d i s c r e t e  model of FE. 

2 .  I n  cons t ruc t ion  of F E ,  t h e  displacement funct ion w ( r , t )  o f  a s e c t o r  of 

t h e  i n i t i a l  system i s  l i m i t e d  by a c l a s s  of c e r t a i n  b a s i c  funct ions T1(r), as  

i s  done i n  t h e  d i r e c t  methods 

w ( r ,  t )  = 5' ( r )  II a II q ( t )  

Using t h e  dynamic p r i n c i p l e  of v i r t u a l  displacements,  t h e  r e l a t i o n s h i p  i s  es

t a b l i s h e d  between c ( t )  and t h e  v e c t o r  Q ( t ) ,  t h e  components o f  which a re  t h e  

general ized forces  o f  i n t e r a c t i o n  of t h e  elements. 

llMllr(t) + IIKllq(t) = q ( t )  + P ( t )  

F ( t )  i s  the  v e c t o r  of e x t e r n a l  forces  , equal t o  F ( t )  = d f ( r ,  t )  v(r) d r
3 , 

Rwhere f ( r , t )  i s  t h e  dens i ty  o f  t h e  e x t e r n a l  load. 

IIMII = 1 IIall ' p (r)@(r)$(r)Hall d r 3  i s  t h e  matr ix  of i n e r t i a  of t h e  FE.  
R 

IIKII i s  t h e  r i g i d i t y  matr ix .  I t s  form i s  determined by t h e  concrete  expres

s i o n  f o r  the energy of  e l a s t i c  deformation. 

The set  of these  equat ions ,  w r i t t e n  f o r  each element, toge ther  with t h e  

condi t ions of  t h e i r  coupling and boundary condi t ions descr ibe t h e  dynamics of  

t h e  model of FE. 

3 .  A s  appl icable  t o  problems of t w i s t i n g ,  bending and combined twis t ing-

-bending o s c i l l a t i o n s  IIMII and IIKII mat r ices  a r e  produced f o r  a number of 
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systems of  b a s i c  func t ions .  The change i n  e l a s t i c ,  i n e r t i a l  and geometric 

parameters along t h e  length  of  t h e  element i s  approximated by var ious  a n a l y t i c  

dependences. 

I n  order  t o  c a l c u l a t e  t h e  v i b r a t i o n s  by t h e  method o f  f i n i t e  elements by 

d i g i t a l  computer, an algori thm i s  composed, allowing matr ices  o f  r i g i d i t y  and 

i n e r t i a  o f  t h e  e n t i r e  system as  a whole t o  be produced. Then, known programs 

a r e  used t o  f i n d  frequencies  and forms of  n a t u r a l  o s c i l l a t i o n s ,  o r  t h e  reac t ion  

of  t h e  system t o  a predetermined a c t i o n  f ( r , t ) .  

4 .  As an example, t h e  v i b r a t i o n s  o f  a c e r t a i n  wing o f  an a i r c r a f t  8 r e  

analyzed. I t  i s  demonstrated t h a t  by improving t h e  approximation of t h e  

e l a s t i c  and i n e r t i a l  p r o p e r t i e s  o f  a continuous s e c t o r  by t h e  corresponding 

element, we can i n c r e a s e  t h e  accuracy of  c a l c u l a t i o n  without i n c r e a s i n g  t h e  

number o f  degrees of freedom of  t h e  model of  FE. 
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THE PROBLEM OF DECREASING VIBRATIONS OF ELECTRIC MACHINES 
~.- . . . . . . . . .  ~ . .  

A. K .  Bakshis, B .  I .  Shirvinskas and R .  A .  Dashevskiy (Kaunas) 

Problems o f  dynamic balancing of  r o t o r s  i n  a body i n  assembled form i n  

t h e  suspended s t a t e  a r e  s t u d i e d .  The condi t ions of  equi l ibr ium of  an o s c i l l a 

t i n g  system ( e l e c t r i c  machine) a r e  composed: 

M d' +CZ, = CPiCOS (ut+ ) 

d' Y
s-+ky = Mi COS (ut+ ai) 


where M i s  t h e  mass of t h e  o s c i l l a t i n g  system; / l o 3-
I i s  t h e  moment of i n e r t i a  of t h e  o s c i l l a t i n g  system r e l a t i v e  t o  t h e  

ax is  orthogonal t o  t h e  p lane  of o s c i l l a t i o n s  and passing through t h e  c e n t e r  of  

mass ; 

Z 0 i s  t h e  displacement of  t h e  c e n t e r  o f  mass of  t h e  system during os

c i  11a t i  on ; 

y i s  t h e  angle of d e f l e c t i o n  o f  t h e  a x i s  of t h e  r o t o r  during o s c i l l a t i o n ;  

c i s  t h e  r i g i d i t y  o f  t h e  support  i n  forward motion along t h e  a x i s ,  lo 

cated i n  t h e  plane o f  o s c i l l a t i o n s  and passing through t h e  center  of mass; 

k i s  t h e  r i g i d i t y  o f  t h e  support  t o  t w i s t i n g  about t h e  a x i s  orthogonal 

t o  t h e  plane of  o s c i l l a t i o n s  pass ing  through t h e  c e n t e r  of  mass; 

P .
1 

i s  t h e  c e n t r i f u g a l  force  o f  t h e  r o t a t i n g  mass; 

M. 
1 

is  t h e  moment of c e n t r i f u g a l  force  Pi ' a c t i n g  r e l a t i v e  t o  t h e  center  

of mass; 

ai i s  t h e  angle of  i n s t a l l a t i o n  of t h e  unbalanced masses; 

w i s  t h e  angular  v e l o c i t y  o f  t h e  rotor; 

t i s  t i m e .  

A method i s  presented for performing dynamic balancing of e l e c t r i c a l  

machines i n  assembled form. The apparatus used i s  descr ibed and t h e  b a s i c  

d a t a  on t h e  BP-1 balancing device are presented .  

A block diagram o f  t h i s  device i s  shown on Figure 1. 

The s i g n a l  from t h e  sensors ,  p ropor t iona l  t o  t h e  imbalance, i s  s e n t  t o  t h e  

dec is ion  device,  which i s  designed t o  s e p a r a t e  t h e  planes o f  cor rec t ion  by an 

e l e c t r i c a l  method. 
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Figure 1. Block Diagram o f  BP-1 Balancing Device: D1, D 2 ,  

Vibrat ion sensors ;  RU, Decision device;  K ,  C a l i b r a t o r ;  SU, 
S e l e c t i v e  ampl i f i e r ;  D,  Detector ;  I ,  Arrow i n d i c a t o r ;  F ,  
Phase r eve r se r ;  UO, Ampl i f ie r - l imi te r ;  FC, S t robing  p u l s e  
former; S ,  S t robe  lamp. 

The e l e c t r i c a l  s i g n a l  i s  amplif ied by a narrow-band s e l e c t i v e  ampl i f i e r ,  

r e c t i f i e d  and s e n t  t o  t h e  needle  i n d i c a t o r .  The needle  i n d i c a t o r  shows t h e  

amplitude va lue  of  t h e  imbalance s i g n a l .  

The cont ro l  of t h e  s t r o b e  lamp i s  performed by t h e  pu l ses  formed from t h e  / l o 4
amplif ied and l imi t ed  vol tage  of  t h e  imbalance s i g n a l .  The phase i n v e r t e r  

e l imina te s  the  inve r s ion  o f  phase introduced by t h e  a m p l i f i e r .  

Ca l ib ra t ion  of t h e  ampl i f ica t ion  of  t h e  s e l e c t i v e  ampl i f i e r  i s  performed 

us ing  t h e  vol tage  o f  t h e  c a l i b r a t o r .  

Experimental r e s u l t s  produced during balancing o f  e l e c t r i c a l  machines i n  

assembled form a r e  presented  a t  t h e  end of  t h e  work. 
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OSCILLATIONS OF A ROTOR RESULTING FROM INACCURACY OF MANUFACTURE OF BALL 
.... . - . .  . - . . - . . . - .~____

BEARINGS 

A. P. Kul 'vets  (Kaunas) 

In  order  t o  expla in  t h e  ac t ion  of a b a l l  bear ing  on o s c i l l a t i o n s  of  a r o t o r ,  

a dynamic model i s  s tud ied ,  corresponding t o  a v e r t i c a l  r i g i d  r o t o r ,  r o t a t i n g  

i n  a p re s t r e s sed  r a d i a l - t h r u s t  b a l l  bear ing.  The system has t h r e e  degrees of  

freedom with t h r e e  coordinates  of  t h e  cen te r  of mass of t h e  r o t o r  x, y ,  z. 
The body and s h a f t  a r e  considered absolu te ly  r i g i d ,  while t h e  contac ts  of t h e  

r o l l i n g  bodies with t h e  ex te rna l  and i n t e r n a l  r i ngs  of t h e  bear ing a r e  con

s ide red  nonl inear  sp r ings ,  t he  b a l l s  are considered massless .  The o s c i l l a t i o n s  

of t h e  r o t o r  a r e  exc i t ed  by e r r o r s  i n  the  manufacture o f  t h e  b a l l  bear ing .  

Each of t h e  b a l l s  in f luences  e x c i t a t i o n  of o s c i l l a t i o n s  sepa ra t e ly .  The t o t a l  

in f luence  can be g r e a t e r  o r  l e s s  due t o  the  random nature  of phases and am

p l i t u d e s  of t he  geometric e r r o r s  i n  t h e  shapes o f  each b a l l .  Therefore,  t h e  

"average" b a l l  i s  analyzed, and i t s  e f f e c t  i s  a random funct ion .  D i f f e r e n t i a l  

equat ions f o r  the  system a r e  der ived by Lagrange's method f o r  t he  case when 

deformation of contac ts  r e s u l t i n g  from the  force  of the  prel iminary i n t e r 

ference increases  t h e  add i t iona l  deformation r e s u l t i n g  form displacement of 

t he  r o t o r  and e r r o r  i n  the  form of r ings  and b a l l s .  The l i n e a r i z e d  d i f f e r e n 

t i a l  equat ions f o r  t h i s  case  a r e  solved.  The s t u d i e s  performed allow us t o  

determine t h e  expected frequency spectrum of  o s c i l l a t i o n s  of the  r o t o r  and t h e  

frequency d i s t r i b u t i o n  of o s c i l l a t i o n  energ ies .  
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TRANSMI THE ON~~.v~I~B.~.T.Io~N. - - .N.o'I.sE. IN.  TH.E. OSCILLATIONS .I N. A. .MOTOR. VEHICLESTUDY OFssION INFLUENCE OF RESONANT TWISTING.cL*.B- - ... . . . . . . . . . . . . 

- .. .- . . .- - .. . . . . . .. 

S.  S .  Stroyev and V. P .  Belyayev (Chelyabinsk) 

The inf luence  of  resonant  t w i s t i n g  o s c i l l a t i o n s  on t h e  l e v e l  o f  no ise  i n  a / lo5
motor v e h i c l e  body was s t u d i e d .  T k  t ransmission o f  t h e  Moskvich-412 auto

mobile was replaced by an equivalent  7-mass dynamic system and t h e  Holzer 

method was used t o  determine t h e  frequencies  o f  n a t u r a l  o s c i l l a t i o n s ,  which were 

compared with t h e  frequencies  of  t h e  e x c i t i n g  harmonic moments of  var ious orders  

from t h e  engine throughout i t s  e n t i r e  working speed range. This  allowed analy

t i c  establ ishment  of  p o s s i b l e  resonant  o s c i l l a t i o n s  of  t h e  motor and cor res 

ponding resonant  speeds o f  t h e  Moskvich-412 automobile, which were subsequently 

used t o  analyze t h e  experimental  d a t a .  In  order  t o  determine t h e  zones of  

resonance e x c i t e d  by even harmonics of  t h e  model 412 engine,  i t s  v e c t o r  and 

phase diagrams were s t u d i e d .  The most dangerous f o r  t h e  t ransmission a r e  low 

order  o s c i l l a t i o n s - - s i n g l e ,  double and t r ip le -node .  The r e s u l t s  produced showed 

t h a t  t h e  g r e a t e s t  o s c i l l a t i o n  of  moment with a single-node form i s  observed on 

t h e  crankshaft  and h a l f  a x l e ,  with t h e  double-node formed--on t h e  wheel and 

h a l f  ax le  and with t h e  t r ip le -node  formed on t h e  primary s h a f t  of t h e  t r a n s 

mission. Furthermore, c a l c u l a t i o n s  e s t a b l i s h e d  t h a t  under a c t u a l  opera t ing  con

d i t i o n s ,  resonance may develop i n  second gear  a t  36.2 km/hr, 47.9 km/hr and 

72.5 km/hr, and i n  t h i r d  g e a r  a t  50;6 km/hr and 67.5 km/hr. The ca lcu la ted  

values  of  f requencies  a r e  compared with t h e  v i b r a t i o n  spectrum. The experimen

t a l  confirmation of  t h e s e  r e s u l t s  was performed on a t e s t  s t a n d  with r o t a t i n g  

loaded r o l l e r s  using s t ra in-gages .  

Vibrat ions i n  t h e  body of  t h e  vehic le  during t h e  experiment were recorded 

by a s p e c i a l l y  designed device allowing t h e  o s c i l l a t i o n s  of  t h e  body over t h e  

f r o n t  and r e a r  wheels t o  be measured. 
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APPLICATION OF DIMENSIONAL ANALYSIS TO STUDY OF V I B R A T I O N  ACTIVITY OF PISTON- ._ . -

ENGINES . 

V .  L .  Kalishevskiy and A. M .  Opolchentsev (Moscow) 

The s tudy  o f  v i b r a t i o n  a c t i v i t y  of  mechanisms i n  a n a l y t i c  form i s  a complex 

t a sk  and cannot be  performed completely without s i g n i f i c a n t  s i m p l i f i c a t i o n s .  

In  an experimental  s tudy ,  t h e  p a r t i a l  dependences o f  i nd iv idua l  parameters are /% 
produced. I t  i s  d i f f i c u l t  t o  compare t h e  r e s u l t s  of  tests of mechanisms o f  

var ious types .  

Analysis of  t h e  condi t ions  o f  s i m i l a r i t y  of  mechanisms as t o  v i b r a t i o n  

a c t i v i t y  allows us t o  estimate t h e  inf luence  of  var ious  technologica l ,  design 

and mode parameters of  t h e  machine on i t s  v i b r a t i o n  a c t i v i t y ,  t o  determine t h e  

volume and method o f  experimental  s tudy .  

For a system descr ibed  by t h e  d i f f e r e n t i a l  equat ion 

M q  + R q  + cq ’ P ,  sin wt 

we can compose t h e  following dimensionless numbers: 

The c r i t e r i a  K 2 and K3 c h a r a c t e r i z e  t h e  p rope r t i e s  o f  t h e  system ( i n e r t i a l ,  

r i g i d  and damping c h a r a c t e r i s t i c s )  and determine t h e  s i m i l a r i t y  of t h e  d a t a  o f  

t he  system. Complex K 1 expresses  t h e  r e l a t i o n s h i p  between t h e  pe r tu rb ing  force  

and the  v i b r a t i o n  which it  causes .  

Since the  l e v e l  o f  v i b r a t i o n  i s  measured r e l a t i v e  t o  a threshold  v i b r a t i o n  

acce le ra t ion  q
0’ 

we can write:  

L =f (qu/qo)=f(Pa/Mqo;w,/w; C/Rw) .  (3) 

Consequently, f o r  t h i s  system t h e  dimensionless number f o r  v i b r a t i o n  a c t i v i t y  

i s  def ined as 

L= idem 

where 
Pa
- --=idem; O D  =idem; C =idem.

M i  W RW (4) 
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In  t h e  general  case f o r  a complex system 

where t h e  r e l a t i o n s h i p  uk/wI1 considers  wk = v a r  and w (')" = IT i s  t h e  u n i t  fre

quency introduced f o r  r e t e n t i o n  of  nondimensionality.  The condi t ion of  unam

b i g u i t y  must be f u l f i l l e d ,  inc luding  analogy o f  t h e  designs of  t h e  mechanisms, 

technology o f  manufacture, tes t  condi t ions ,  ope ra t ing  condi t ions ,  e t c .  

/MqFor t h e  p i s t o n  pumps s tud ied ,  consider ing L = f(P a m 0) , t h i s  func t ion  /I07
expresses  the  empir ical  dependence o f  t he  o v e r a l l  l e v e l s  of  v i b r a t i o n  of pumps 

on t h e  v ib ra t ion  a c t i v i t y  f a c t o r  

where t h e  product of  de l ive ry  p re s su re  PH times de l ive ry  Q i s  used as  a charac

t e r i s t i c  of t he  per turb ing  fo rce .  

Analysis of dependence (5) i s  s impl i f i ed  i f  we s tudy  t h e  s i m i l a r i t y  condi

t i o n s  with respec t  t o  ind iv idua l  main v i b r a t i o n  sources .  In  t h e  general  case 

For c e r t a i n  known sources  of v i b r a t i o n  i n  p i s t o n  pumps, t he  following de

pendence can be wr i t t en :  

which i s  s impl i f i ed  f o r  t he  pumps being s tud ied  with f o  = cons t :  

As a r e s u l t  o f  t e s t s ,  t h e  fol lowing empir ical  dependences have been pro

duced: 
L=66+ 14 Ig Kp,=66+ 14 Ig . ~ - G f : , ,P PMF f  

(10) 
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L 20 Ig 4,.101*= 20 lg . 
m vi 

- - lo'* (11)f k E R  

Analysis of t h e  s i m i l a r i t y  condi t ions  o f  p i s t o n  pumps as  t o  v i b r a t i o n  ac

t i v i t y  and empirical  dependences of l e v e l s  of v i b r a t i o n  on the  complexes 0B 'KPs and KkZ were used t o  s tudy  meansLof c r e a t i n g  low-noise pumps and t o  eva lua te  

t h e i r  v i b r a t i o n  a c t i v i t y  during t h e  planning s t age .  

141 




STUDY OF VIBRATIONS I N  THE D I R E C T I O N  OF INCREASING AND DECREASING TIME 

V .  L .  Ragul'skene (Kaunas) 

I n  o r d e r  t o  c a l c u l a t e  t h e  behavior of o s c i l l a t i n g  systems i n  t h e  d i r e c t i o n  

of increas ing  and decreasing time, it i s  suggested t h a t  d i f f e r e n t i a l  equat ions / l o 8
be used, allowing a s i g n i f i c a n t  s i m p l i f i c a t i o n  of  t h e  d e f i n i t i o n  of free o s c i l 

l a t i o n s ,  a reas  o f  cap ture ,  a reas  o f  e x i s t e n c e ,  e tc .  

If t h e  motion of  a system i n  t h e  d i r e c t i o n  of i n c r e a s i n g  t is  descr ibed by 

t h e  fol lowing d i f f e r e n t i a l  equation 

(1) 

then t h e  motion i n  t h e  d i r e c t i o n  of decreasing time is  descr ibed by t h e  

following equation 

dnx _-. ( 2 )
dP-1 dt 

where x i s  a general ized coordinate ,  t is  t i m e  i n  t h e  increas ing  d i r e c t  i o n ,  

-+ 

t = -t i s  time i n  t h e  decreasing d i r e c t i o n .  


Thus, t h e  motion of  a single-mass v i b r a t i o n  impact system i n  t h e  d i r e c t i o n  

o f  increas ing  time is  descr ibed by t h e  following equat ions 

I P X3-t2h dx +ho sign dx 
+ p ps=A sin at, 

x >X v ,  

and i n  t h e  d i r e c t i o n  of  decreasing time 
f l X  dx--2h dx -h,  sign =+p2  x = - A  sin w t ,  
d? dt dt 

where t h e  l r + r t  and " - ' 1  i n  t h e  first d e r i v a t i v e s  represent  t h e  v e l o c i t i e s  a t  t h e  

moment before  impact and af ter  impact. 

The s o l u t i o n  of  t h e  equat ions i n  t h e  d i r e c t i o n s  of  increas ing  and decreasing 
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time by computer allows un ive r sa l  i n v e s t i g a t i o n  of t h e  p rope r t i e s  o f  t he  dynam
i c s  o f  a number of v i b r a t i o n  impact and non l inea r  systems. 
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CONTACTLESS METHOD OF MEASURING 	 VELOCITY OF IMPACTING ELEMENTS 
. . . . . . . - . . . . .. . - . . . .. . . .._.. .. 

Yu. M. Vasi l 'yev,  A .  V. Mikhailov, Yu. K .  Skvortsov, V.  A .  Smirnov (Moscow) 

The essence o f  t h e  method being s tud ied  i s  t h a t  t h e  cav i ty  i n  a body i n  / l o 9
which the  impacting element moves i s  exc i t ed  a t  t h e  corresponding wave length  

x
0 

as a high-frequency cav i ty  resonator ,  re tuned p e r i o d i c a l l y  as t h e  impacting 

element moves due t o  the  change i n  long i tud ina l  s i z e  o f  t h e  r e sona to r ,  and t h e  

frequency of  re tuning  o f  t h e  resonator  i s  recorded.  The resonance occurs f o r  

a c y l i n d r i c a l  cav i ty  r e sona to r  a t  moments when the  length  o f  t h e  resonator  i s  

equal t o  a whole number o f  h a l f  waves X
b 

/ 2 ,  where: 

Xb i s  t h e  wave guide number o f  t h e  wave i n  t h e  cy l inde r ,  which i s  analyzed as 

a c i r c u l a r  wave guide; 

i s  t h e  c r i t i c a l  wave length  f o r  t h e  type of  wave c r  
s e l e c t e d .  

The frequency of re tuning  of  t h e  c y l i n d r i c a l  

cav i ty  resonator  F ( l / t ime  between neighboring reso

nant  peaks) depends on Xb and t h e  ra te  o f  motion of  

t h e  impacting element V: 

Recording frequency F a l lows us  t o  f i n d  the  d i s 

t r i b u t i o n  o f  v e l o c i t y  on t h e  pa th  of  t h e  impacting 

element. 

Figure 1 shows t h e  diagram of  measurement of t he  

v e l o c i t y  of  t h e  impacting element i n  an a i r  hammer. 

Impacting element 2 moves i n  body 1, changing the  

length  o f  t he  cav i ty  resonator  3,  which ' is exc i ted  

a t  wave length  X o  = 8 mm as a c y l i n d r i c a l  cav i ty  

Figure 1. Block resonator  by c i r c u l a r  wave guide 4 ,  pass ing  through 

Diagram o f  Mea- the  i n s e r t  5 and f ed  by genera tor  6 through a t tenua
su r ing  I n s t a l l a - t o r  7 and guiding t a p  8 .  I n s e t  5 i s  i n s e r t e d  i n t o
t i o n .  
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t h e  body i n  p l a c e  o f  t h e  blade of  t h e  a i r  hammer. I n  order  t o  r e t a i n  t h e  

opera t ing  mode o f  t h e  t o o l , ,  t h e  c i r c u l a r  wave guide 4 is f i l l e d  with a 

rad io- t ransparent  d i e l e c t r i c  (e .g . ,  t e f l o n ) .  

I n  case of  a complex dependence o f  adjustment frequency on speed o f  t h e  /110
impacting element, s t a t i c  c a l i b r a t i o n  must be performed, i . e . ,  t h e  dependence 

o f  t h e  s i g n a l  from t h e  d e t e c t o r  on t h e  p o s i t i o n  of  t h e  impactor i n  t h e  cy l inder  

i s  measured and used i n  processing t h e  r e s u l t s  of  measurement. 
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B. T. S h e f t e l ’  and Yu. A .  Kamendrovskiy (Saratov) 

The o s c i l l a t i n g  system o f  a b a l l  bear ing  with a r a d i a l  c learance  (Figure 1)  

i n  which t h e  kinematic  e x c i t i n g  f a c t o r  c o n s i s t s  o f  e r r o r s  i n  t h e  form of  t h e  

r o l l i n g  t racks,  so -ca l l ed  waviness, was s tud ied .  The waviness was expanded /111
by e l e c t r o n i c  apparatus  i n  a Four ie r  ser ies ,  and one o f  t h e  harmonics o f  

t h e  waviness was used as a v i b r a t o r .  Due t o  compact e l a s t i c i t y  between b a l l s  

and r i n g s  and bending- o s c i l l a t i o n s-
Pos i t ion  of  	sensor  

i/-t of t h e  o u t e r  r i n g ,  t he  v i b r a t i o n  I 

acce le ra t ion  a t  frequency f k i  w i l l  

be  
fl’ki~r = B (f)H’k;r, 

i s  t he  c o e f f i c i e n t  o f  dynamism. 

By changing t h e  r o t a t i n g  speed 

o f  t h e  bear ing ,  with a high value 

of i w e  can produce a r a t h e r  broad 

Figure 1. range of  change o f  v i b r a t i o n  fre

quency. By measuring acce le ra t ion  

Wki of  t h e  r i n g  at  var ious  f requencies ,  i t  i s  easy t o  c a l c u l a t e  t h e  values  of  

t h e  c o e f f i c i e n t  of  dynamism and cons t ruc t  on t h e  b a s i s  o f  t h e s e  values  the  

amplitude-frequency c h a r a c t e r i s t i c s  of  t he  system. 

The experiments were performed on a t e s t  s t and .  The i n n e r  r i n g  o f  t he  

bear ing  was sea t ed  on a sp ind le ,  r o t a t e d  a t  a r e g u l a r  speed, while  t h e  non

moving ou te r  r i n g  was loaded i n  the  r a d i c a l  d i r e c t i o n .  In o rde r  t o  measure 

t h e  v i b r a t i o n s ,  an induct ion  velocimeter  sensor  was used, t h e  body o f  which was /112
r i g i d l y  fas tened  t o  t h e  base  of  t h e  tes t  s t and ,  while  t h e  probe r e s t e d  on t h e  

top of t h e  ou te r  r i n g  o f  t h e  b a l l  bear ing  ( i n  the  loaded a rea )  i f  t h e  f r e 

quency of f r e e  o s c i l l a t i o n s  of  t he  system as a r e s u l t  of contac t  e l a s t i c i t y  of  

t h e  p a r t  was being determined o r  on the  bottom i f  t h e  frequency of  f r e e  bending 

o s c i l l a t i o n s  of  t h e  ex te rna l  r i n g  was being determined. 
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Spectographic profile of The o b j e c t s  o f  i n v e s t i g a 

t i o n  were No. 306 b a l l  bear ings .  

The v i b r a t o r  was t h e  120-th 

harmonic of waviness of t h e  
Figure 2 .  race  o f  t h e  i n t e r n a l  r i n g  

No. 33, t h e  amplitude of which was 0.05 p (Figure 2 ) .  Various bear ings were 

assembled with t h i s  same i n n e r  r i n g  and t h e i r  amplitude-frequency c h a r a c t e r i s 

t i c s  were measured by t h e  method descr ibed.  
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_. ..THE EXCITATION OF PERIODIC AND RANDOMTORSIONAL OSCILLATIONS I N  
ROTATING -SYSTEMS 

R .  Yu. Bansevichyus and K .  M .  Ragul 'skis  (Kaunas) 

The device used f o r  app l i ca t ion  of loading torque  of  any s i g n  and form t o  

a r o t a t i n g  system c o n s i s t s  of  a geared r o t o r  and s t a t o r  with a multiphase 

winding, fed by pulses  of predetermined duty f a c t o r  by a s p e c i a l  commutator 

c o n t r o l l e d  by a p h o t o e l e c t r i c  sensor  which l o c a t e s  t h e  angular  p o s i t i o n  o f  t h e  

r o t a t i n g  system. The load o f  any type i s  formed o f  s e c t o r s  o f  t he  s t a t i c  

c h a r a c t e r i s t i c s  o f  t h e  s t a t o r - r o t o r  system dur ing  r o t a t i o n  o f  the  r o t o r  o f  t he  

exc i t ed  system. This allows t o r s i o n a l  o s c i l l a t i o n s  o f  t h e  r o t a t i n g  system t o  

be  exc i t ed  i n  a frequency range beginning a t  0 H z ,  t h e  frequency and ampli

tude  o f  t he  e x c i t i n g  o s c i l l a t i o n s  being independent o f  t he  angular  speed o f  

r o t a t i o n  o f  t h e  exc i t ed  system and con t ro l l ed  by changing frequency and am

p l i t u d e  o f  t h e  supply vo l t age  appl ied  t o  the  commutator. 

Random o s c i l l a t i o n s  with f i x e d  s p e c t r a l  dens i ty  are exc i t ed  by attachment /113
of a commutator through t h e  ampl i f ie r  t o  a random funct ion  genera tor .  

The upper boundary o f  t h e  frequency range i s  determined, depending on t h e  

s t r u c t u r a l  parameters of t h e  device and t h e  angular  r o t a t i n g  speed of  t he  ex

c i t e d  system. The dependence of  t h e  maximum value  o f  appl ied  torque on t h e  

moment of  i n e r t i a  of  t h e  a t tached  system i s  determined. The r e s u l t s  of  exper i 

mental s t u d i e s  a r e  presented .  
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IDENTIFICATION OF CHARACTERISTICS OF DYNAMIC SYSTEM OF CYLINDRICAL GRINDER 
BY- '*BLACK BOX" METHOD DURING GRINDINGS 

Yu.-V. P .  Astrauskas and R.  A. Ionushas (Vil 'nus) 

The dynamic c h a r a c t e r i s t i c s  of  t h e  "grinding processt1 and multiple-bushink 

hydrodynamic f r i c t i o n  bear ing  of t h e  s p i n d l e  of  a gr inding wheel with r e s p e c t  

t o  input  and output  s i g n a l s  appl ied  during t h e  gr inding process  are s t u d i e d .  

In  order  t o  determine t h e  t ransfer  funct ion o f  t h e  "grinding processt1 

l i n k  as a "black box" t h e  i n p u t  and output  s i g n a l s  a r e  s tud ied ,  t h e  i n t e r 

r e l a t i o n s h i p  between them i s  determined, as w e l l  as t h e  presence o f  feedback 

and noise  and t h e i r  in f luence  on t h e  input  and output  s i g n a l s  o f  t h e  l i n k .  

A simple expression i s  produced f o r  t h e  complex t r a n s f e r  func t ion  o f  t h e  

Ifgrinding process1' l i n k  as a d i a g n o s t i c  ob jec t  , r e l a t i n g  t h e  s p e c t r a l  dens i ty  

of input  and mutual s p e c t r a l  d e n s i t y  o f  input  and output s i g n a l s .  

In  determining t h e  t r a n s f e r  func t ion  of  t h e  hydrodynamic f r i c t i o n  bear ing  

on t h e  b a s i s  of  t h e  func t iona l  diagram of t h e  bear ing,  t h e  na ture  of  couplings 

between s p i n d l e  and gr inding head was s t u d i e d .  E l a s t i c  and damping couplings 

on each bear ing bushing were used. I n  o r d e r  t o  analyze t h e  dynamic c h a r a c t e r i s 

t i c s  of  t h e  f r i c t i o n  bear ing,  i t  was p r e l i m i n a r i l y  t r e a t e d  as an o s c i l l a t i n g  

l ink  with damping, with two i n p u t s  and two outputs .  

The input  s i g n a l s  a r e  t h e  i r r e g u l a r i t y  o f  t h e  geometry of  t h e  neck o f  t h e  

gr indinu sp indle  i n  c i r c u l a r  cross  s e c t i o n  and t h e  o s c i l l a t i o n s  o f  t h e  gr inding 

f o r c e s ,  while t h e  output  s i g n a l s  a r e  t h e  o s c i l l a t i o n s  of the  a x i s  of r o t a t i o n  

o f  t h e  sp indle  i n  two perpendicular  d i r e c t i o n s .  

The force  o s c i l l a t i o n s  from t h e  e l e c t r i c  motor of t h e  d r i v e  o f  t h e  gr inding /114 

wheel are taken as noise  a c t i n g  on t h e  input  of  t h e  l i n k ,  while t h e  o s c i l l a t i o n s  

from t h e  Fvdraul ics  o f  t h e  machine a r e  taken as noise  a c t i n g  on t h e  t r a n s f e r  

l i n k .  

The s t a t i s t i c  c h a c t e r i s t i c s  of  t h e  i n p u t  and output  s i g n a l s  determined are 

used t o  produce a t r a n s f e r  func t ion  (dynamic c h a r a c t e r i s t i c )  o f  t h e  hydrodynamic 

f r i c t i o n  bear ing.  
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SPECTRAL-CORRELATION ANALYSIS OF VIBRATIONS OF AVIATION ENGINE UNDER TEST . .. . -STAND 
. . . .  . . .  . . .  _ _ . . .  . . . .  . . . . . . . .  . . 

CONDITIONS- ~ 

S.  G .  Gershman, N .  G .  Dubravskiy, V .  I .  Povarkov (MOSCOW) 

Vibrat ions of  t h e  body of  a j e t  a i r c r a f t  engine type RG-9B were s t u d i e d .  

The s i g n a l s  from f o u r  v i b r a t i o n  sensors  i n s t a l l e d  a t  var ious  p o i n t s  on t h e  body 

of  t h e  engine were amplif ied by a wide band a m p l i f i e r  and s imultaneously re

corded by a f i v e  channel magnetic recorder .  These recordings were then re

produced f o r  subsequent a n a l y s i s .  

Spec t ra l  a n a l y s i s  was performed by a s p e c t r a l  analyzer  with a reso lv ing  

capaci ty  of 6 Hz  i n  t h e  20-20,000 Hz frequency range.  Corre la t ion  a n a l y s i s  

was performed by an analog c o r r e l a t o r  with continuous change of  delay t i m e .  

Recordings of  v i b r a t i o n  of t h e  engine i n  f o u r  s t a t e s  were produced and analyzed: 

1. F u l l  opera t ing  condi t ions ;  

2 .  Damaged--with one t u r b i n e  blade c u t  o f f  a t  one- th i rd  of  i ts  length;  

3 .  Damaged--with a t u r b i n e  blade cu t  o f f  t o  one-s ix th  of  i t s  length;  

4 .  Damaged--with a d e f e c t  on t h e  r a c e  of  t h e  middle bear ing .  

The power s p e c t r a  of  v i b r a t i o n  of t h e  engine i n  proper  condi t ion c o n s i s t s  

of continuous, smooth, wide band noise  with superimposed d i s c r e t e  tones,  r e 

l a t e d  t o  t h e  r o t a t i n g  frequency o f  t h e  r o t o r .  Some of t h e s e  tones represent  

t h e  noise  of r o t a t i o n  of  compressor o r  t u r b i n e  s t a g e s .  Some d i s c r e t e  tones a r e  

combination frequencies  o f  no ises  of  r o t a t i o n  o f  var ious  s t a g e s .  

The s i m i l a r i t y  of  t h e  dependences of s p e c t r a l  v i b r a t i o n  d e n s i t i e s  f o r  

sensors  remote from each o t h e r  is  l e s s  than t h e  s i m i l a r i t y  of  s p e c t r a  from 

neighboring v i b r a t i o n  s e n s o r s .  

The ana lys i s  of  v i b r a t i o n s  f o r  var ious opera t ing  cycles  of t h e  engine /115
showed good r e p r o d u c i b i l i t y  of spectrograms. The d e f e c t s  i n t e n t i o n a l l y  i n t r o 

duced t o  t h e  engine caused c e r t a i n  changes i n  t h e  spectrograms and correlograms. 

For example, i n  t h e  experiment when one b lade  i n  t h e  second s t a g e  of  t h e  

t u r b i n e  was cut  o f f  to one t h i r d  i t s  h e i g h t ,  a change was noted i n  t h e  low fre

quency a r e a  of  t h e  wide band noise ,  with an i n c r e a s e  i n  t h e  harmonic a t  t h e  

r o t a t i n g  frequency o f  t h e  r o t o r ,  p l u s  t h e  appearance of  s i d e  bands around thr. 

no ise  frequency of r o t a t i o n  of  t h e  second s t a g e  of  t h e  t u r b i n e .  These changes 
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a l s o  inf luence  t h e  au tocor re l a t ion  ana lys i s .  

I n  t h e  experiment with a tu rb ine  b lade  cut  o f f  t o  one-s ix th ,  s imilar  

changes were observed, bu t  expressed more weakly. They can be  seen p r e c i s e l y  

only by c o r r e l a t i o n  methods i n  combination with pre l iminary  f i l t e r i n g  o f  t h e  

s i g n a l  i n  the  s e l e c t e d  frequency band. In  o rde r  t o  allow c o r r e l a t i o n  evalua

t i o n  of  changes i n  t h e  parameters o f  t h e  spectrograms and correlograms, a 
c e r t a i n  func t ion  i s  introduced t o  t h e  work, a measure of  t h e  change which 

cha rac t e r i zes  t h e  degree o f  damage. 

In  t h e  experiment with a de fec t ive  bear ing ,  a change was noted i n  t h e  d i s 

t r i b u t i o n  o f  s p e c t r a l  dens i ty  o f  t h e  continuous no i se  which i s  obviously a 
r e s u l t  of t h e  disassembly of t h e  engine which was requi red  t o  i n s t a l l  t h e  &fec

t i v e  bear ing .  Various harmonics o f  t h e  r o t o r  r o t a t i o n  frequency increased .  

Spikes appeared on t h e  spectrograms a t  f requencies  which were mul t ip les  o f  

t he  cyc l ing  frequency o f  b a l l s  i n  the  ex te rna l  bear ing  c i r c l e .  In  most cases ,  

they were small  i n  amplitude and t h e r e f o r e ,  a c e r t a i n  s t a t i s t i c a l  ana lys i s  was 

performed, demonstrating t h e  nonrandom o r i g i n  of t hese  no i se  b u r s t s .  

The harmonics o f  t h e  cyc l ing  frequency o f  b a l l s  i n  the  ex te rna l  r i n g  o f  

t he  bear ing  were a l s o  revealed by the  c o r r e l a t i o n  method. However, t he  use of  

t h e  c o r r e l a t i o n  method was hindered by t h e  presence of  s t ronge r  secondary d i s 

c r e t e  b u r s t s ,  t h e  frequency o f  which d i f f e r e d  l i t t l e  from t h e  frequency o f  

cycl ing o f  t h e  b a l l s .  
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REGRESSION ANALYSIS OF NOISE OF AN AIRCRAFT ENGINE 

S .  G. Gershman, V. D. Svet ,  V. I. Povarkov (Moscow) 

Experimental r e s u l t s  are presented  from t h e  measurement of t h e  regress ion  

l i n e s ,  c o e f f i c i e n t s  of c o r r e l a t i o n  r e l a t i o n s h i p s  and mutual c o r r e l a t i o n  co

e f f i c i e n t s  f o r  t h e  v i b r a t i o n  no i ses  of an RD-9B a i r c r a f t  engine.  Recordings 

of  v i b r a t i o n s  of t h e  engine i n  two states were analyzed: f u l l y  co r rec t  opera t ing  /116
s t a t e  and de fec t ive  s ta te  (one tu rb ine  blade cu t  o f f  t o  one- th i rd  h e i g h t ) .  ' 

The c o r r e l a t i o n s  between d i s c r e t e  components, as wel l  as r e l a t i o n s h i p s  

between envelopes i n  var ious  a reas  of  t he  high frequency spectrum were s tud ied .  

The s e l e c t i o n  of s p e c t r a l  s e c t o r s  was performed on the  b a s i s  of spectrograms 

made e a r l i e r .  As a r e s u l t  o f  t hese  measurements, it was e s t ab l i shed :  

1. In the  d e f e c t i v e  s t a t e  of t h e  engine,  t h e r e  a r e  considerably nonl inear  

c o r r e l a t i o n s  between the  low frequency components of  t h e  spectrum. 

In t h e  normal engine,  no nonl inear  c o r r e l a t i o n s  were de t ec t ed .  

2 .  m e r e  a r e  a l s o  nonl inear  and l i n e a r  c o r r e l a t i o n s  between the  low f r e 

quency components and t h e  envelopes of t he  high frequency areas  of  the  spectrum. 

In the  normal engine,  no nonl inear  c o r r e l a t i o n s  were noted.  

3. Quant i ta t ive  process ing  and the  numerical r e s u l t s  of  the  c o e f f i c i e n t s  

of t h e  regress ion  l i n e s ,  c o e f f i c i e n t s  of c o r r e l a t i o n  r a t i o s  and mutual co r re l a 

t i o n  showed t h a t  t he  r e l a t i o n s  between var ious components of  t h e  noise  spectrum 

of the  a v i a t i o n  engine a r e  c lose  t o  func t iona l .  The s t r o n g e s t  r e l a t i o n s h i p  

appears between the  main r o t a t i n g  frequency of t he  r o t o r  and i t s  second and 

t h i r d  components (with de fec t ive  engine ope ra t ion ) ,  al lowing us t o  l i m i t  our

se lves  i n  ana lys i s  t o  t h e  f i rs t  fou r  terms of t he  s e r i e s  of t h e  polynomial 

regress  ion.  

The determinat ion o f  t h e  regress ion  Lines and c o e f f i c i e n t s  of  c o r r e l a t i o n  

r a t i o s  and mutual c o r r e l a t i o n  was performed using methods and apparatus  

analyzed i n  [l]. 
REFERENCES 
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Application of t he  Two-Dimensional P robab i l i t y  Di s t r ibu t ion  Function f o r  
Analysis of Acoust ical  Noise and Signals"  (see t h i s  c o l l e c t i o n ) .  
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SOME PROBLEMS I N  THE APPLICATION OF THE TWO-DIMENSIONAL PROBABILITY DISTRIBU-
TION- .FUNCTION-FOR . . . . ... . .. - . . - . -NOISE AND--SIGNALS. . . . . . ANALYSIS-OF-ACO~~STICAL .. ~~~ 

S. G. Gershman, V.  P .  Prikhod'kol,  V .  D .  Svet (Moscow) 

In many problems o f  i n v e s t i g a t i o n  i n  a c o u s t i c a l  n o i s e ,  i t  is  f requent ly  

s u f f i c i e n t  20 know t h e  two-dimensional d i s t r i b u t i o n  funct ion W(x ,y , T )  of 

processes  x ( t )  and y ( t )  t o  cons t ruc t  a s t a t i s t i c a l  model of  t h e  phenomenon 

being s t u d i e d .  The expediency of  determining W ( x , y , ~ )  arises f o r  a number of  

reasons.  

Actual a c o u s t i c a l  no ises  f requent ly  do not  fol low t h e  normal d i s t r i b u t i o n ,  /117
which i n d i c a t e s  t h e  s p e c i f i c s  of  t h e i r  no ise  formation, while t h e  parameters 

charac te r iz ing  t h e  devia t ions  of  these  d i s t r i b u t i o n s  from normal contain use

f u l  information. Another s p e c i f i c  f e a t u r e  of t h e  two-dimensional d i s t r i b u t i o n  

funct ion i s  t h a t  i t  contains  a l l  necessary parameters f o r  es t imat ion ( i n  t h e  

general  case) of  t h e  a r b i t r a r y  s t o c h a s t i c  r e l a t i o n s h i p  between two random 

processes .  

In  p a r t i c u l a r ,  determinat ion of W ( x , y , ~ )  allows us t o  use methods from 

t h e  general  theory of c o r r e l a t i o n  , including regress ion  and d ispers ion  a n a l y s i s .  

Furthermore, f o r  many problems measurement of W ( x , y , ~ )  allows us t o  produce a 

l a r g e  number of  s t a t i s t i c a l  parameters,  necessary f o r  d e s c r i p t i o n  of t h e  pheno

mena being s t u d i e d .  Therefore ,  t h e  measurement of  t h e  j o i n t  d i s t r i b u t i o n  func

t i o n  W(x,y,.-) is o f  d e f i n i t e  i n t e r e s t  i n  problems i n v e s t i g a t i n g  t h e  phys ica l  

na ture  and mechanism of n o i s e  formation, machine d iagnos is ,  the  study of non

l i n e a r  o b j e c t s  , e t c .  

A p r a c t i c a l  method of  measuring W(x,y,-r) and i t s  parameters i s  analyzed; 

a func t iona l  diagram of  a s p e c i a l i z e d  device i s  presented .  In  combination with 

d i g i t a l  computers , t h e  device allows t h e  following measurement problems t o  be 

solved: a) prel iminary s e l e c t i o n  and c l a s s i f i c a t i o n  of  processes  being s tudied  

by accumulation and v i s u a l i z a t i o n  of W(x,y,-t) i n  r e a l  t i m e ;  b )  input  of a l a r g e  

mass of  information t o  a d i g i t a l  computer; c)  determinat ion of  t h e  required 

processing algorithm, thereby e l imina t ing  t h e  b a s i c  d i f f i c u l t y  i n  appl ica t ion  

of  modern d i g i t a l  computers f o r  massive s t a t i s t i c a l  processing.  

Experimental r e s u l t s  a r e  presented f o r  measurement of  t h e  two-dimensional 
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d i s t r i b u t i o n  func t ion  and t h e i r  parameters f o r  var ious  a c o u s t i c a l  s i g n a l s .  

The r e s u l t s  produced confirm t h e  e f f e c t i v e n e s s  of u s ing  W ( x , y , ~ )  i n  problems 

involv ing  ana lys i s  of  a c o u s t i c a l  no i se  and s i g n a l s  and t h e  f e a s i b i l i t y  of t h i s  

method of measurement. 
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- - ONE CONTACTLESS METHOD OF STUDYING THE NATURAL OSCILLATIONS OF ELASTIC STRUC
. ... . . . . . . . . . . _ . _ . .  . . . . .

TURES. 

B.  D.  Tartakovskiy,  V .  P .  Shmal'chenko, M .  M.  E f rus s i  (Moscow) 

During determinat ion of t h e  n a t u r a l  f requencies  and lo s ses  o f  e l a s t i c  os

c i l l a t i o n s  o f  s o l i d  s t r u c t u r e s ,  e r r o r s  a r i s e  due t o  t h e  attachment o f  contact  

electromechanical conver te rs  t o  t h e  s t r u c t u r e s .  This de fec t  is not  t r u e  of t h e  

method o f  e x c i t a t i o n  o f  n a t u r a l  o s c i l l a t i o n s  o f  resonant  s t r u c t u r e s  by a r ad ia 

t o r  loca ted  i n  t h e  surrounding medium, and measurement of t he  frequency charac

te r i s t ics  o f  t h e  s t r u c t u r e  and t h e  r a t e  of a t t enua t ion  o f  n a t u r a l  o s c i l l a t i o n s  

by a sensor  a l s o  loca ted  i n  the  surrounding medium. 

Keeping i n  mind t h e  more favorable  r a t i o  o f  impedancesof e l a s t i c  s t r u c 

t u r e s  ( p l a t e s ,  rods ,  envelopes and t h e i r  combinatlons) with t h e  wave impedance 

o f  f l u i d s  i n  comparison with gases ,  we developed a method f o r  measurement of 

e l a s t i c  s t r u c t u r e s  submerged i n  a l i q u i d  (water) .  The specimens s tud ied  were 

t h i n  aluminum spheres  and cy l inde r s .  The sound f i e l d  was crea ted  by a r a d i a t o r  

loca ted  a t  a d i s t ance  of  0 . 5  m from t h e  specimen, t h e  sound pressure  r e c e i v e r  

was placed a t  a d i s t ance  o f  1 m from t h e  specimen. With a continuous change 

i n  t h e  frequency of e x c i t a t i o n ,  t h e  resonant  f requencies  o f  o s c i l l a t i o n  o f  t h e  

specimens were determined, then t h e  o s c i l l a t i o n s  o f  t h e  r a d i a t o r  were cu t  off 

a t  t hese  f requencies ,  thus  recording t h e  process  of  a t t enua t ion  a t  each of 

t h e  resonant f requencies  using a s t r i p  cha r t  recorder .  Figures 1 and 2 show 

examples o f  t h e  r e s u l t s  produced. 

On Figure 1 w e  show a 

/= 


s e c t o r  of  t h e  frequency charac

t e r i s t i c  o f  o s c i l l a t i o n s  o f  a 

specimen. Exc i t a t ion  of t h e  

a t t enua t ing  o s c i l l a t i o n s  of 

Figure 1. Frequency C h a r a c t e r i s t i c  of  t he  specimen was performed a t  
O s c i l l a t i o n s  o f  a Specimen: 1, Reso- t h e  resonant f requencies  o f  nances o f  specimen. 

t h e  specim.en thus  determined. 

The recording o f  t h e  process  o f  a t t enua t ion  of n a t u r a l  o s c i l l a t i o n s  of t h e  

specimen being s tud ied  on t h e  s t r i p  cha r t  r eco rde r  i s  shown on Figure 2 .  Ob

serv ing  t h i s  process  from l e f t  t o  r i g h t ,  w e  can see a t  f irst  t h e  summary sound 
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DESIGN OF VIBRATION-PROTECTIVE SYSTEMS WITH RANDOM VIBRATION ACTION 
- .  - __ ~. 

P.  N .  I lgakois  (Kaunas) 

In  t h i s  work, v i b r a t i o n - p r o t e c t i v e  systems are c a l c u l a t e d  with random os 
c i l l a t i o n s  appl ied t o  t h e  base with one predominant o s c i l l a t i n g  frequency. 

During planning of  v i b r a t i o n - p r o t e c t i v e  systems f o r  p r e c i s i o n  equipment, 

e l e c t r o n i c  apparatus  , it must be considered t h a t  t h e  v i b r a t i o n  e f f e c t s  are._not 

always d e t e r m i n i s t i c ;  t h e r e f o r e ,  they cannot be descr ibed by d e t e r m i n i s t i c  

func t ions  of  time and t h e  v i b r a t i o n  e f f e c t s  must be looked upon as  a random 

process .  

The problem o f  c a l c u l a t i o n  of t h e  optimal values  of  t h e  n a t u r a l  frequency 

o f  a v i b r a t i o n - i s o l a t e d  objec t  and t h e  amount o f  damping when v i b r a t i o n -

i s o l a t i n g  supports  with a s p e c i f i c  e l a s t i c i t y  curve a r e  used a r e  analyzed with /% 
random o s c i l l a t i o n s  o f  t h e  type mentioned above as t h e  e x c i t a t i o n .  

The method of c a l c u l a t i o n  presented allows t h e  expediency and e f f e c t i v e n e s s  

of t h e  use of  a v i b r a t i o n - p r o t e c t i v e  system t o  be est imated.  
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- - CERTAIN PROBLEMS. .OF .. . . . . - . . . . - . . MACHINE -ACOUSTICS 

M. D .  Genkin and V .  I .  Sergeyev (Moscow) 

The b a s i c  p o s i t i o n s  o f  machine acous t i c s ,  as one new area 

theory o f  machines, have been presented i n  preceding  works. 

A t  t he  p re sen t  time, it seems expedient  i n  t h e  s o l u t i o n  of 

t o  perform i n v e s t i g a t i o n s  i n  t h e  fol lowing main a reas .  

i n  t h e  general  

appl ied problems 

F i r s t  of  a l l ,  methods must be  developed t o  reduce t h e  v ib ra t ion -acous t i ca l  

a c t i v i t y  of  t h e  machines, which must be based on s tudy  o f  v ib ra t ion -acous t i ca l  

parameters o f  t h e  most r ep resen ta t ive  ob jec t s  o f  var ious  types o f  machine 

bu i ld ing ,  i n v e s t i g a t i o n  o f  t h e i r  v ib ra t ion -acous t i ca l  f i e l d s  , cons i s t ing  o f  

interconnected u n i t s  f o r  e x c i t a t i o n  o f  o s c i l l a t i n g  energy and s e c t o r s  o f  s t r u c 

t u r e s  (bodies ,  suppor ts ,  e t c . )  , which, r e a c t i n g  t o  t h i s  e x c i t a t i o n ,  are a 

unique "v ib ra t ion -acous t i ca l  load f o r  t h e  e x c i t i n g  u n i t s . "  I t  should a l s o  be 

kept  i n  mind t h a t  t hese  s t r u c t u r a l  s e c t o r s  a r e  i n  t u r n  secondary sources  o f  

e x c i t a t i o n  f o r  a t tached  p a r t s ,  t hus  c rea t ing  a system o f  in te rconnec ted  v ib ra 

t i o n  guides--channels through which o s c i l l a t i n g  energy propagates  , working with 

ex te rna l  loads.  

Secondly, t h e  methods o f  s o l u t i o n  o f  t h i s  range o f  problems must be based 

on s t u d i e s  o f  t h e  phys ica l  p r i n c i p l e s  of  v i b r a t i o n  acous t i ca l  e x c i t a t i o n  i n  

machines and t h e i r  elements;  i nves t iga t ions  i n  t h i s  connection o f  t h e  i n 

f luence  of  t h e  random n a t u r e  o f  loading with s t a t i s t i c a l  d i s t r i b u t i o n  of  t h e  

values  o f  parameters o f  systems,  i n v e s t i g a t i o n  o f  t h e  deformation o f  l i n k s  i n  

kinematic  c i r c u i t s  , s tudy  o f  t h e  o s c i l l a t i o n s  o f  complex systems of  mechanisms 

and s t r u c t u r e s  r e s u l t i n g  from t h i s  e x c i t a t i o n  , i d e n t i f i c a t i o n  o f  t hese  o s c i l l a 

t i n g  s ta tes ,  development of  t h e o r i e s  f o r  modeling t h e  dynamic and acous t i ca l  

p rocesses ,  as well as methods f o r  syn thes i s  and opt imiza t ion  o f  machine s t r u c 

t u r e s  on t h e  b a s i s  of t h e  c r i t e r i o n  o f  minimum v i b r a t i o n  acous t i ca l  a c t i v i t y ,  

s tudy  o f  t h e  processes  o f  dynamic i n t e r a c t i o n  o f  mechanisms and s t r u c t u r e s ,  

i n v e s t i g a t i o n  o f  t h e  propagat ion and absorpt ion o f  wave energy i n  d i s c r e t e  and 

continuous heterogeneous s t r u c t u r e s ,  s tudy  o f  t h e  d i spe r s ion  p r o p e r t i e s  and 

problems o f  d i f f r a c t i o n  i n  mechanical s t r u c t u r e s .  

One e f f e c t i v e  means f o r  con t ro l l i ng  v i b r a t i o n s  i s  a change i n  t h e  design / 1 2 1
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of  elements o f  machine u n i t s ,  including support ing s t r u c t u r e s .  

Another promising method f o r  reducing t h e  l e v e l  o f  v i b r a t i o n  acous t i ca l  

a c t i v i t y  o f  machine u n i t s  as a whole (by s h u t t i n g  o f f  t h e  flow o f  o s c i l l a t i n g  

energy wi th in  each u n i t )  i s  t h e  use  of  act ive a n t i v i b r a t o r s ,  c r ea t ing  counter-

phase v ib ra t ion .  P a r t i c u l a r l y  g rea t  e f f e c t s  can be  achieved by combining 

a c t i v e  a n t i v i b r a t o r s  with e l a s t i c  elements,  i.e . ,  pas s ive  shock absorbing 

systems. This provides  s imultaneously r a t h e r  r i g i d  f a s t en ing  of  mechanisms 

and a high degree o f  v i b r a t i o n  i n s u l a t i o n ,  as c h a r a c t e r i s t i c  f o r  s o f t  suspen

s ions .  

As t h e  development o f  genera l  methods has shown, a decrease i n  t h e  v ib ra 

t i o n  acous t i ca l  a c t i v i t y  o f  machine u n i t s  should be based on s tudy of t h e  

p rope r t i e s  of  t h e  v i b r a t i o n  acous t i c  f i e l d s  o f  t h e  u n i t s .  In  t h i s  connection, 

t h e r e  i s  g rea t  s i g n i f i c a n c e  i n  t h e  development o f  experimental  methods and 

apparatus f o r  i n v e s t i g a t i o n  of  t he  corresponding c h a r a c t e r i s t i c s  of  t h e  v ib ra 

t i o n  acous t i ca l  f i e l d s .  

Usually i n  complex mechanical systems, t he  t ransmission elements perform 

o s c i l l a t i o n s  i n  var ious  forms and the re fo re  one of  t h e  most important problems 

i s  the  d iv i s ion  of  s p e c i a l  o s c i l l a t i o n s  o f  r o t a t i n g  p a r t s  i n t o  components. 

A no l e s s  important t a s k  is  the  measurement of  t h e  band parameters of 

multi-dimensional o s c i l l a t i n g  mechanical systems i n  o rde r  t o  i n v e s t i g a t e  t h e  

dynamic i n t e r a c t i o n  o f  mechanisms and foundat ions,  and a l s o  t o  determine t h e  

l eve l s  of  o s c i l l a t i n g  energy t ransmi t ted  by a mechanism t o  t h e  foundat ion,  

i . e . ,  determine t h e  degree of v i b r a t i o n  acous t i ca l  a c t i v i t y  of  t h e  machines. 

This problem i s  d i r e c t l y  r e l a t e d  t o  the  s o l u t i o n  of  a combination of methodo

log ica l  problems d i r e c t e d  toward c rea t ion  o f  new s p e c i a l  measurement apparatus  

and es t imat ion  o f  i t s  accuracy. 

The v i b r a t i o n  acous t i ca l  p r o p e r t i e s  of machines a r e  a l s o  used f o r  diagnos

t i c  purposes.  

A s  we know, an i d e a  of t h e  r e l i a b i l i t y  and e f f i c i e n c y  of  a machine, as 

wel l  as a p red ic t ion  o f  i t s  f u t u r e  behavior  can be produced by observat ion o f  

i t s  opera t ing  condi t ion .  The number o f  parameters which determine t h e  s ta te  

of  a machine, gene ra l ly  speaking, i s  i n f i n i t e .  However, we can sepa ra t e  among 
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t h e s e  t h e  p r i n c i p a l  parameters,  which determine t h e  q u a l i t y  o f  t h e  working 

process .  Direct measurement of  t h e s e  parameters i s  g e n e r a l l y  too d i f f i c u l t  and 

expensive, and sometimes i s  simply impossible.  Therefore ,  a t tempts  a r e  made t o  

measure them i n d i r e c t l y  . 
O f  a l l  i n d i r e c t  i n d i c a t o r s  which can be used t o  judge t h e  opera t ing  condi

t i o n  o f  t h e  machine (temperature,  var ious mechanical i n d i c a t o r s ,  e .g . ,  o i l  

p ressure ,  r a d i a t i o n ,  sound, e t c . )  t h e  most e f f e c t i v e  i s  t h e  sound s i g n a l .  /122-
There are many systems f o r  a c o u s t i c a l  d i a n o s i s ,  adapted f o r  var ious types 

of machines. They a l l  use t h e  phys ica l  s p e c i f i c s  of  a d e f i n i t e  type of machine 

and a r e  unsui tab le  f o r  o t h e r s .  Externa l ly ,  a l l  t h e s e  systems d i f f e r  s t r o n g l y  

from each o t h e r .  But t h e  number of  c h a r a c t e r i s t i c s  used i s  l imi ted .  

Acoustical  diagnosis  i s  one of  t h e  most important methods of  i n v e s t i g a t i o n  

i n  t h e  a r e a  o f  machine a c o u s t i c s .  
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DETERMINATION OF THE PARAMETERS OF MECHANICAL OSCILLATING SYSTEMS ON THE BASIS 

OF THE AMPLITUDE-FREQUENCY CHARACTERISTICS AS A MEANSOF VIBRATIONDIAGNOSIS
OF 
MACHINES 


M. D. Genkin, A. A. Zhirnov, e t  a l .  (Moscow) 

Gear t ransmissions a r e  widely used i n  many branches of  machine bui ld ing ,  

and t h e  q u a l i t y  of  t h e i r  manufacture and assembly, as a r u l e ,  determines t h e  

v i b r a t i o n  and n o i s e  c h a r a c t e r i s t i c s  of extremely complex and important u n i t s .  

The r e s u l t s  of  d e t a i l e d  t e s t i n g  of t h e  q u a l i t y  of manufacture of ind iv idua l  

gears  or test  s t a n d  experiments of  i n d i v i d u a l  u n i t s  as  assembled f requent ly  do 

not  correspond t o  t h e i r  opera t ing  condi t ions  when they are a c t u a l l y  i n  use .  

A method i s  suggested f o r  determining t h e  a c t u a l  values  of e r r o r  i n  gears  

during opera t ion ,  allowing es t imat ion  n o t  only of  t h e  magnitude of  t o o t h  and 

c y c l i c a l  e r r o r s ,  bu t  a l s o  o f  t h e  q u a l i t y  i n d i c a t o r s  such a s ,  f o r  example, de

v i a t i o n  i n  t h e  s i z e  o f  t h e  contact  spot  of  a too th  p a i r .  

The method i s  based on comparison of  t h e  experimentally produced frequency 

spectrum with t h e  c a l c u l a t e d  v i b r a t i o n  spectrum o f  a dynamic model. The de

pendence i s  thus e s t a b l i s h e d  between t h e  components of t h e  frequency spectrum 

and t h e  elements of t h e  dynamic model r e f l e c t i n g  s p e c i f i c  p a r t s  of t h e  s t r u c 

t u r e .  

I n  p a r t i c u l a r ,  t h e  component f requencies  of t h e  spectrum determined by /123
r i g i d i t y  of each of t h e  meshed gears  i n  t h e  u n i t  being s t u d i e d  can be def ined .  

Resul ts  a r e  presented from determinat ion of t h e  a c t u a l  gear  and c y c l i c a l  

e r r o r s  i n  var ious opera t ing  modes of t ransmiss ions .  
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PROBLEMS OF IDENTIFICATION-OF PARAMETERS OF DYNAMIC SYSTEMS BASED ON TAPE DRIVES 
~ . . .. ... . . .  . . . _ . . . .  . .  . .  . . . . . . . .  . . .  . .  

A .  Navitskas,  K .  Ragul ' sk is ,  0. -M. Skurkayte (Kaunas) 

This work p resen t s  one method f o r  determinat ion of  t h e  opt imal  mechanical 

and dynamic parameters i n  s t u d i e s  of complex dynamic systems containing both 

e l e c t r o n i c  and mechanical parameters .  Such systems inc lude  var ious  types o f  

magnetic recording appara tus ,  an eva lua t ion  o f  t h e  accuracy o f  information 

t ransmission ( e l e c t r o n i c  parameters)  of which i s  c l o s e l y  r e l a t e d  t o  t h e  func

t i o n  o f  t h e  t ape  d r i v e  mechanisms and o the r  t r a n s p o r t  systems (mechanical para

meters ) .  
F 

cn T, 

I I 

mn-7 

Figure 1. Dynamic Model. F ,  
F r i c t i o n  fo rce ;  P ,  Per turb ing  
fo rce ;  y ,  Damping f a c t o r ;  C y  
Rig id i ty  c o e f f i c i e n t ;  m y  Drive 
mass. 

The s t a t i s t i c a l  and dynamic / 1 2 4
c h a r a c t e r i s t i c s  o f  t h e  systems s t u 

d ied ,  a f t e r  composition and s o l u t i o n  

o f  mathematical models, cannot f u l l y  

show t h e  concrete  mechanical and dy

namic parameters o f  g r e a t e s t  s i g n i 

f i cance  f o r  t h e  va lue  and na ture  of 

s t a t i s t i c a l  and dynamic c h a r a c t e r i s 

t i c s .  Dynamic models o f  systems 

s t u d i e d  are composed, nonl inear  d i f 

f e r e n t i a l  equat ions  with s t o c h a s t i c  

e x c i t a t i o n  are descr ibed ,  algorithms 

are composed and programs are w r i t t e n  

f o r  t h e i r  machine s o l u t i o n .  

One such dynamic model f o r  a tape  d r ive  mechanism with a closed loop of 

magnetic tape  i s  shown on Figure 1. The masses o f  s e c t o r s  o f  magnetic tape  m y  

in terconnected by e l a s t i c i t y  C and damper y ,  are per turbed  by t h e  t ape  d r ive  

u n i t s  and o the r  sources  of e x c i t a t i o n  cons i s t ing  o f  f r i c t i o n  fo rces  F and per 

tu rba t ion  forces  P ,  which gene ra l ly  a r e  random and uns t ab le  i n  na tu re .  

In  order  t o  s impl i fy  and apply the  so lu t ions  t o  engineer ing p r a c t i c e ,  

i t  was assumed t h a t  t h e  pe r tu rb ing  f a c t o r s  a r e  random and s t a b l e  i n  na tu re ,  

and have ergodic  p r o p e r t i e s .  

These dynamic models were descr ibed by d i f f e r e n t i a l  equat ions o f  t h e  
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fol lowing type : 
n n n 

where i = 1 , 2 , . . . , n ,  and n i s  t h e  number o f  degrees of  freedom. 

In t h i s  equat ion ,  t h e  nonl inear  expression f o r  d r ive  f r i c t i o n  was appro
- 2ximated by a pa rabo l i c  expression b.  

1k 
yk + Zi yk, ai rep resen t s  t h e  dr iven 

k 
masses, b ik are t h e  summary c o e f f i c i e n t s  o f  damping and dry f r i c t i o n ,  cik 
are t h e  c o e f f i c i e n t s  of  e l a s t i c i t y  , Zi are the  c o e f f i c i e n t s  of  dry f r i c t i o n ,  

k 
yi = y .  ( t )  are t h e  displacements of  t h e  dr iven masses, P .  ( t )  are t h e  p e r t u r 

1 1 
bing  fo rces  appl ied  t o  c e r t a i n  of  t h e  r o l l e r s  o r  t h e  magnetic t ape .  The 

d i f f e r e n t i a l  equat ion i s  solved f o r  two cases :  1) when P .
1

( t )  i s  a d e t e r m i n i s t i c  

func t ion ,  f i xed  by a Four ie r  series;  2) when P.
1

( t )  i s  a random s t a b l e  func t ion .  

In  the  l a t t e r  case ,  t h e  c o r r e l a t i o n  func t ion  of  t he  s t a b l e  process  P l ( t )  , t h e  

values  of  which were f ixed  by a t a b l e ,  was considered known. 

The problem was s t a t e d  of  determining displacements y i J  when P .
1

( t )  i s  a 

de t e rmin i s t i c  func t ion  and determinat ion o f  t h e  s t a t i s t i c a l  c h a r a c t e r i s t i c s  o f  

y .  	and the  dynamic c h a r a c t e r i s t i c s  of t he  mechanical systems when P . ( t )  i s  a 
1 

random s t a b l e  process .  
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NEW METHODS OF STUDYING THE DYNAMICS OF IMPACT PROCESSES 
~..- . -. . . 

B. V.  Rudgal 'vis (Kaunas) 

This work p r e s e n t s  an i n v e s t i g a t i o n  of t h e  dynamics of impact processes ,  /125
as well as v i b r a t i o n  and impact s t a b i l i t y  of  p r e c i s i o n  electromechanical 

systems. 

I t  i s  e s t a b l i s h e d  t h a t  modern impact s t a n d s ,  i n  p l a c e  o f  a rec tangular  

o r  s inusoida l  h a l f  wave p u l s e  as i n d i c a t e d  i n  t h e  t e c h n i c a l  c h a r a c t e r i s t i c s ,  

a c t u a l l y  produce a p u l s e  which i s  a polyharmonic a t t e n u a t i n g  o s c i l l a t i n g  pro

cess with an envelope o f  s t r o n g l y  d i s t o r t e d  form, with a dura t ion  of  s e v e r a l  

t e n s  o f  o s c i l l a t i o n s .  S p e c t r a l  a n a l y s i s  of  t h e s e  processes  has shown t h a t  t h e  

energy of  t h e  impact i s  t ransmi t ted  i n  s e v e r a l  s i g n i f i c a n t  components, ly ing  

i n  a band of  f requencies  up t o  s e v e r a l  KHz. The dependence o f  t h e  s i g n i f i c a n t  

frequency components on t h e  condi t ions of reproduct ion of  t h e  impact processes  

i s  determined. I t  i s  e s t a b l i s h e d  t h a t  an i n c r e a s e  i n  a c c e l e r a t i o n  upon r e a l i z a 

t i o n  of  an impact process  causes t h e  s i g n i f i c a n t  frequency components t o  i n 

crease i n  frequency. 

A method i s  developed f o r  performing s p e c t r a l  a n a l y s i s ,  new parameters 

a r e  suggested f o r  eva lua t ion  of  t h e  na ture  and e f f e c t i v e n e s s  of t h e  impact 

process ,  such as t h e  s p e c t r a l  dens i ty ,  s p e c t r a l  energy, e f f e c t i v e  dura t ion ,  

e f f e c t i v e  s p e c t r a l  width,  form c o e f f i c i e n t  of impact p u l s e ,  as well  as ampli

tude and frequency of  t h e  s i g n i f i c a n t  components def ined on t h e  curve of t h e  

spectrum. 

A new apparatus i s  developed f o r  recording one-time wide band impact pro

cesses  with a scanning ra te  allowing automatic d i s c r e t i z a t i o n  f o r  t h e  p e r f o r 

mance of  opera t ive  s p e c t r a l  a n a l y s i s  by computer. The p r i n c i p l e  of  e l e c t r o 

s t a t i c  recording i s  used i n  combination with a drum driven type recording 

device,  t h e  information c a r r i e r  of which i s  he ld  i n  p o s i t i o n  by a pressure  drop 

on each s i d e .  This device allows t h e  information c a r r i e r  (e lec t rographic  paper 

s t r i p )  t o  be dr iven a t  a speed of up t o  100 m/sec and t h e  recording of impact 

processes ,  t h e  frequency spectrum of which reaches 50 KHz with a curve r i se  

s lope  of  not  over 82".  The time required t o  develop an image of  t h e  process  

i s  about 1 min. 

164 



Furthermore, t he  r eac t ions  of p rec i s ion  electromechanical systems t o  impact 

pu lses  with var ious s p e c t r a l  parameters were measured using e l e c t r o n i c  mathema

t i c a l  analogs.  The zones of t h e i r  v i b r a t i o n  and impact s t a b i l i t y  were de t e r 

mined, recommendations were made f o r  op t imiza t ion  of systems as  concerns v ib ra 

tion impact st ability . 
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NEW METHODS OF STUDYING AND INCREASING THE DYNAMIC ACCURACY OF PRECISION JIG 
~~ . . . .  . . . . . . .  . .  . . . . .  . . . . . _ _

BORING MACHRES. .  

K .  P .  Dzidolikas (Kaunas) 

This  work analyzes  an o r i g i n a l  device f o r  measurement of  t h e  o s c i l l a t i o n s  

of a sp ind le ,  t h e  accuracy o f  measurement o f  which i s  independent o f  t h e  geo

metric e r r o r s  i n  t h e  shape o f  t h e  suppor t .  I t  conta ins  t h e  senso r  made with 

two ser ies -connec ted  capac i tances ,  one o f  which changes as t h e  sp ind le  o s c i l 

l a t e s .  An osci l logram records  only t h e  o s c i l l a t i o n s  o f  t h e  sp ind le  which i n 

f luence the  accuracy and q u a l i t y  of  opera t ion  d i r e c t l y .  

Using t h i s  device,  a s tudy was made o f  t h e  o s c i l l a t i o n s  of a range of 

sp ind le s  o f  p rec i s ion  j i g  boring machines with an o p t i c a l  coordinate  reading 

system. The r e a l i z a t i o n s  produced were computer processed.  This work presents  

c h a r a c t e r i s t i c  c o r r e l a t i o n  funct ions and s p e c t r a l  d e n s i t i e s  o f  t h e  o s c i l l a t i n g  

process  both during i d l e  and during opera t ion .  This allowed t h e  predominant 

sources  of  o s c i l l a t i o n s  of  t h e  sp indle  t o  be  determined. 

In cons t ruc t ing  t h e  dynamic model of t h e  u n i t s  o f  t he  t o o l  f o r  t h e  e n t i r e  

t o o l  as a whole, var ious  methods are used t o  determine t h e  r i g i d i t y  charac

t e r i s t i c  o f  elements o f  t h e  t o o l .  The work descr ibes  an o r i g i n a l  method f o r  

determining c i r c u l a r  compliance diagrams, a l lowing a continuous curve of  c i r 

c u l a r  r i g i d i t y  t o  be produced c l e a r l y  on t h e  sc reen  of t h e  osc i l l o scope .  The 

method i s  based on t h e  use o f  cen t r i fuga l  fo rces  as t h e  loading forces  and t h e  

recording of  deformations i n  t h e  p lane  us ing  two capac i t i ve  sensors  connected 

with a convert ing appara tus .  This  method i s  used t o  s tudy  the  contact  and 

n a t u r a l  deformations of  elements of the  machine and cons t ruc t  a c i r c u l a r  d i a 

gram of  the  compliance o f  t h e  sp ind le s  of  machines r e l a t i v e  t o  t h e  t a b l e s .  
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